















































THE MAGAZINE FOR THE SERIOUS SINCLAIR USER 
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SAVEING AID 

DESIGN GUIDE 

BURGLAR ALARM 
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Upgrade your 
16K 


ZX SPECTRUM 
Now! 


The CHEETAH 32K RAMPACK simply plugs into the user port at the rear of 
your computer and increases the memory instantly to 48K. 


Fully compatible with all accessories via rear edge connector 
No need to open computer and invalidate guarantee 

Why send your computer away and wait weeks for upgrade 
Fully cased tested and guaranteed, 


Why wait any longer? 


Only £39.95 including VAT and P&P. 


Now make your Spectrum and ZX-81 Talk 


The Cheetah “SWEET TALKER” just plugs into the back of the computer using the existing power supply. Based on an 
allophone system you can easily program any word sentence or phrase. Fully cased, tested guaranteed and compatible 
with all accessories via rear edge connector. Complete with demonstration cassette and full instructions. No more lonely 
nights! Simply incredible at £34.95. Please quote when ordering whether Spectrum or ZX-81 Sweet Talker required. 


16K RAM Pack for ZX-81 £19.75 
64K RAM Pack for ZX-81 £44.75 


Prices include VAT, postage & packing. Delivery normally 14 days. Export orders at no extra cost. Dealer enquiries 
welcome. 


Send cheque/PO now to: 
CHEETAH MARKETING LTD 
Dept SP9 
359 The Strand. 

London WC2R OHS 
Tel: 01-240 7939 


32K Ram Pack also available from larger Branches of € 
MEME مم‎ computers for all dealers. 
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9 NEWS 

Stephen Adams reports оп the latest pro- 
fessional add-on for the Sinclair machines. 

11 LETTERS 
More of your views about the market. 

12 READERS TIPS 
In the first of a new series we print some 
advice on how to solve RAM wobble. 

13 BATTERY-BACKED RAM 
Graham Bradley describes a project which 
will allow routines to be stored permanent- 
ly on a RAM board for the ZX-81. 

21 WIRING LAYOUT 
Peter Grimes follows our article last month 
with tips on how to wire together the 
components in projects. 

26 WEATHER STATION 
Our cover story is the first in a series to 
build up a full automatic weather station. 
Graham Bradley reports. 

30 JOYSTICK 
Corin Howitt describes a new approach to 
getting a joystick for the Spectrum. 

34 DESIGN GUIDE 
Malcolm Farnsworth has written a soft- 
ware system which simulates logic circuits 
for use in designing layouts. 

38 BURGLAR ALARM 
In the second part of the series Corin 
Howitt expands the uses of the basic pro- 
ject. 

43 SAVEING AID 
Loading has always been a problem on the 
ZX-81 Charles Rowbotham has a different 
approach to the problem. 

45 SHOPPING LIST 
Our regular spot advising you where to 
obtain items for the projects. 

45 UPDATE 
More information on the articles which 
have appeared in previous issues. 

46 EDGE CONNECTOR 
The regular page showing the connections 
from both the Spectrum and ZX-81. 








FROM THE EDITOR 


N THIS the sixth issue of Sinclair Projects we have 
[= been able to bring you six interesting projects 
which will enhance your Spectrum or ZX-81. 

Our main article which is featured on the cover is the 
first in a series which will allow you to build a complete 
weather station. Graham Bradley describes how to 
measure wind speed and in following issues we will be 
including modules for measuring light levels, rainfall, 
humidity pressure and temperature. The finished project 
will be of interest to owners of all Sinclair users as they will 
work with both the Spectrum and the ZX-81. 

Graham has contributed to another interesting article on 
making a battery-backed RAM board. 

Another of our writers who has two articles printed is 
Corin Howitt. He followed the first part of his project to 
build a burglar alarm with two small extensions of the 
basic system. The first show how to develop software to 
monitor the input lines and increase the flexibility of the 
system allowing things such as a delay on leaving and 
entering the house. The other is a hardware design to 
improve the back-up alarm monitoring when the alarm is 
off or otherwise engaged. 

He has also written an article showing how to overcome 
the problem of joysticks not working with all games in 
which they could be used. One solution by manufacturers 
has been to have a compatible range of software for their 
products. Howitt shows how to specify the keys to be 
mimicked by the joystick 

LOADing programs into the ZX-81 has long been a 
problem for new and old users alike. Many solutions have 
been proposed and many little pieces of hardware have 
been made to try and overcome the problem. Charles 
Rowbotham looks at the difficulties from а different 
viewpoint and suggests that the answer lies in the SAVEing 
side of the process. 

As he says most of the problems arise when trying to 
LOAD software SAVEd by other people then it could be 
that when the SAVEing is being carried out a function of 
the tape recorder is responsible for ensuring that programs 
cannot be stored. The automatic gain control of most 
cassette recorders means that the signal cannot be under- 
stood by the ZX-81. 

The last project is a software system which enables 
people to simulate logic devices and for a given circuit 
design to print out the waveform or table of results. It is 
written by Malcolm Farnsworth who says it can be used for 
initial design, analysis or fault finding. 
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PROGRAMMAB 
JOYSTICK ІМТЕВЕА: 


for 


Spectrum r РХ8 


а аран? TOTAL SOFTWAE‏ اتا 


passing the outstanding specification of complete with clip-on program 


atari egrets” ne ui COMPATIBILITY | 


the best software support at its price, g chart detailing 
Joystick Interface that is compatible with © how to define whieh key i simulated bo 





























ALL SOFTWARE through its unique har UP. DOWN, LEFT, RIGHT, and FIRE 
Ware programmable design. This can be fixed on to the case of your 
The Interface plugs on to the rear connector сопи if preferred the protective 
of your 2Х81 or ZX Spectrum. backing can be left on. The chart is made 





of a very durable reverse printed plastic 
Quick clip-on connections, which are con. ADEL. رر ہش‎ 


and is extremely easy to read. 

figured from a reference card supplied, allow к 

you to define which of the forty keys аге е Опе pack of ten Quick Reference Pro 
ей by which action of the Joystick, amming Cards for ataglance setting 


















дээ rh actam of عنم مہ‎ ۷۵ your tara دا مد شید‎ Tieton 
Cards makes setting for your favourite ga ows you to mark the configuration in 
even These can be filled in to show at easy to read fashion with space to 








glance the configuration required and fecord the software title and company 
stored in the cassette case of the particul name 

fame. When you change to a game using е Video Graffiti demonstration program 
different keys the module is re-programmed which is written totally in BASIC to llus 
їп а few seconds, trate how all eight directions and fire 
As with our Interface Module П the Pro. San be read. This is also a useful high 
Wrammable Interface accepts all standard , "ésolution drawing program 

switch Joysticks that are Atarcompatible. * 12 months gui 

Two sockets are available which are instructions, 
























antee and full written 








use the same keys for both players. 















The Interface "resides inthe keyboard 
tion or interfere with any other add-a ATARI 
fear extension edge connector wil accom- @ CONTROLLERS 





modate expansion of your system. 

The unique AGF key simulation principi 
makes it extremely easy to incorporate 
Joystick action in yor grams. АЙ 
eight direct by simple 
BASIC. 

With ever jonstration 
program called ‘Video Graffiti" plus a full 
set of instructions, 


FOR USE WITH OUR INTERFACE 
Module ог VIC 20, Commodore 64, 
Atari VCS, Atari 400, Atari 800 
گا‎ you require extra Joysticks for our 
original interface module mark order 
"OLD" Joysticks 
ONLY £7.54 inc VAT + P&P 

























FROM: MR/MRS/MISS 
ADDRESS —— 











AGF HARDWARE DEPT. SPJ 





SEND CW.O. INO STAMP NEEDED) TO. 


FREEPOST, BOGNOR REGIS, WEST SUSSEX PO22 9BR. 

















06 INTERFACE — 
РАСК(5) QUICK REFERENCE CARDS 


“INTERFACE MODULE П 

















SOFTWARE AS TICKED ON LIST 

ONE VIDEO GRAFFITI Ба -— FREE 
2×81 تا‎ zx SPECTRUM O Please tick FINAL TOTAL 
DEALER ENQUIRIES WELCOME (PORT PRICES ON APPLICATION 
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IMPORTANT: 
This product is not software 
programmed and guarantees 
eight direction Joystick 
response in machine 
code and BASIC 
programs. 















KEY FEATURES 


× Any five key configuration 
programmed onto joystick 


m Accepts all Atari-compatible Joysticks 
m Rear connector for any other add-ons 
a Use will not affect Sinclair guarantee 

= Full instructions & 12 month guarantee 
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JOYSTICK 
INTERFACE I 


for 


or 





Spectrum 


ZX81 

















KEY FEATURES 
* Proven cursor key simulation for 
maximum software support. 
ж Accepts Atari, Competition Pr 
Starfighter, Quick Shot, Le S 
'cond Joystick facility 
* Eight directions programmed in simple 
BASIC 
* Rear extension connector for all other 
add-ons 
* Free demo program, ‘Video Graffiti + full 
instructions, 
INTERFACE 11 COMPATIBLI 
ZX SPECTRU Hewson 
Abbex 2 $ Consultants 


SOFTWARE 
ипие 


Spookyman. Specvaders 


to Invasion Mazechase 
1 Harrier сі. Star Trail 
* Cosmos (Man. Dock) 
* The Android Run Imagine Zoom 
+ High Noon Micromania | Ghost's Revenge 
* EIX NewGener [] Escape — £495 
Abersoft Mazeman ation 3D Tunnel £5.95 
The Wizards Software С Knot in 3D £5.95 
Warriors Newsoft .. Time Bandits 
Apocolypse Products pectral Maze 
Software... Galactic Jailbreak Psion Flight Simulation 
Axis — .. — Labyrinth ۷۷-30 
Blaby Comp. Quicksilva Meteor Storm 
а Уй. Chopper Rescue Space Intruders 
Gold Digger КУК Gnasher 
Confusion Software Spectapede 
Campbell emoft.. _ Ground Attack 
Systems Gulpman О Cyber Rats 55.95 
CDS Micro Vectis Pony Express 
Systems -. Leapfrog Software Vec-Man 
CTech Specman. LATEST ADDITION 
DIL Software . Frogzy Digital Integration .... 


* State “AGF version” "PLUS 21 2Х81 Titles” 




























AGF 








AGE Hardman. 26 Van Gogh Pace, рог Beg, Wet Sates PO22 9۷ 














If you only buy ONE 


eco! j 7ھ"‎ 
йч, nishe THISIS 
لات‎ « 7 


PLUS a complete practical lossary ot term An entertaining, but thorough reference source 
with the most readable, comprehensive glossary 
you'll find anywhere. The Good Computing Book 
for Beginners is an essential A-Z of all the facts you 
need to know about computing — and none you 
don't! 






















Whether you're brand new to computing, or an old 
hand keen to stay ahead, you'll score by keeping this 
classic, top-selling book within reach to use again and 

again. 


The author, Dennis Jarrett, is a successful journalist 
who was also founder editor of Which Computer? 
magazine — so his first edition quickly became a 
standard work. Now this new, substantially 

enlarged and revised edition covers the latest 
trends, terms and technology with the relevant facts 
— and ONLY the relevant facts — in plain English. 


Here's another fact you'll find fascinating: it will only 
cost you £2.95! 


Use the coupon below to get your copy right away 
— or buy it soon from your bookshop. It's the one 
book you'll turn to again and again, 


Send 515 (U.S) Int'l М.О. to: 


= 
(i 







NOT ANOTHER TOY 





Ф 


BUT A COMPLEX SIMULATION OF FOUR MILITARY- INDUSTRIAL 
ECONOMIES LOCKED ім A DEADLY STRUGGLE FOR SURVIVAL 
оне TO FOUR PLAYERS COMPETE WITH EACH OTHER AND/OR 
THE COMPUTER, BALANCE OF POWER DEPENDS UPON 
SKILL IN DEVELOPING RESOURCES, USE OF ESPIONAGE 
[EXPLOITATION OF ALLIANCES, AND UTILIZATION OF мн 
POTENTIAL. REQUIRES 2X81 OR толоо WITH хөх пам 
ALSO AVAILABLE FOR тне TRS-80 MOOS 1 


































ORDER FORM FOR CBORCWARS 


STRATAGEM CYBERNETICS, INC.. 


286 Corbin Place, 2E, Brooklyn, New York 11235. 

















MAIL ORDER ADVERTISING 
British Code of Advertising Practice 


‘Advertisements in this publication are required to conform to 
the British Code of Advertising Practice. Іл respect of mail order 
advertisements where money is paid in advance, the с 
requires advertisers to fulfil orders within 28 days, unless a 
longer delivery period is stated. Where goods are returned un- 
damaged within seven days, the purchaser's money must be 
refunded. Please retain proof of postage/despatch, as this may 
be needed. 


Mail Order Protection Scheme 
If you order goods from Mail Order advertisements in this 
magazine and pay by post in advance of delivery, Sinclair User 
will consider you for compensation if the Advertiser should 
become insolvent or bankrupt, provided: 
(1) You have not received the goods or had your money 
returned: and 
(2) You write to the Publisher of Sincloir User summarizing the 
situation not earlier than 28 days from the day you sen! your 
order and not later than two months from that day 


Please do not wait until the las! moment to inform us. When you 
مس‎ will tell you how to make your claim and what 
оГ payment is required. 


We guarantee to meet claims from readers in accordance with 
the above procedure as soon as possible after the Advertiser has 
been declared bankrupt or insolvent (up to a limit of 64,250 per 
‘annum for any one Advertiser so affected and up to £10.000 per 
annum in respect of all insolvent Advertisers. Claims may be 
aid for higher amounts, or when the above procedure has not 
еп complied with at the discretion of Sinclair User. but we do 
not guarantee to do so in view of the need to set some limit to this 
‘commitment and to learn quickly of readers’ difficulties). 


This guarantee covers only advance payment sent in direct 
response lo an advertisement in this magazine (not, for example. 
payment made in response to catalogues elc. received as a result 
of answering such advertisements). Clas: 

are excluded. 
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17 exciting electronic projects 
to build and run on your own micro. 


LIGHT PEN 

PICTURE DIGITISER 

KEY PAD 

MODEL CONTROLLER 
WEATHER STATION 

+ OTHER EXCITING & 
INTERESTING PROJECTS 


REALISE THE REAL WORLD POTENTIAL OF 
YOUR MICRO. 


A newly released book written by well known author 
Owen Bishop and published by Bernard Babani 
gives fully descriptive details on how to build all 17 
Projects — all are fairly simple and inexpensive to 
construct - The most complex component (the 
DECODER) is supplied in kit form ready to assemble 
with all components and plated through PCB, — 
Components for the projects are readily available 
locally or found in your workshop drawers. 


Once assembled and connected to your micro the 
decoder is able to run any or all of the projects 
simultaneously. 


Simple Programmes are included to get you started 
but of course the more experienced programmer 
can have hours of fun writing complex programmes 
to take full advantage of these easy but exciting 
Projects. 





-———---—-------— 
Pesse Sand By Вам 


QTY|REF | DESCRIPTION 


۵2000 "EASY ADD-ONS" + DECODER, 
кіта BOOK £24.00 


7152001 “EASY ADD-ONS" BOOK ONLY £300 
НВ/2002 DECODER KIT ONLY £22.00 
НВ/2003 DECODER PCB ONLY £8.00 
TOTAL 





price Tom. | 


















Price тизме о! VAT & camage Please alow 
21 days tor doivery. Cheques, PO's or signed Access orders welcomed. 








Sn ae | 
SESS Е 











І 
1 
І 
! 
І 
П 
І 
Address І 
1 
1 
І 
І 


а division of 

KELAN ENGINEERING Ltd 
Hookstone Park 
Harrogate, N. Yorks 


complete P.C.B. workshop 1 
зеловз 


аратара а 


| 


z 
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Now you can take а new 


AMERICAN look at your Sinclair! 


With the new Timex Sinclair User magazine to link YOU into a 
huge network of American enthusiasts 





Published monthly since May, Remember, this is a new 
Timex Sinclair User has taken magazine written from the The success of the Sinclair ZX80, ZX81 and 
the States by storm. It is American viewpoint — but it Spectrum in the U.K. has been phenomenal. But in 
packed full of news, reviews, could open up whole new the States the Sinclair has been given a real 
programs and user informati. horizons for you on your American welcome — making the Sinclair range the 
linking you into the vast Sinclair enjoyment. Take the biggest seller in the world! The American ZX81 
Timex Sinclair User network. new American view by equivalent: “Тһе Timex Sinclair 1000“ from the 
ordering right away and see giant Timex organisation, has been bought by 
how the U.S.A. welcomed їе. hundreds of thousands of enthusiasts. 
Sinclair! 


Se um тай шин кш ami шы шш ша ша шш шш шш eam um um ems ram m шш шш шы The success of ‘Sinclair User’ magazine in the U.K. 
2 followed а similar pattern so now we have 
Е Send to: TIMEX SINCLAIR USER, ECC Publications Ltd, g followed a similar pattern = зо now we have 
196-200 Balls Pond Road, London N1 4AQ U.S.A, magazine the Timex Sinclair User! 
1 Yes, І want to subscribe to TIMEX SINCLAIR USER at the Ё 
لا‎ special U.K. rate of £20 for 12 issues delivered to ту door. 











Annual subscription rate is £20. Single copes are 
£2 (including Р & P). 





Fill in the order form 


NOW to discover the 
American way of 
computing! 
Please charge my credit card 4 М 
І CardName — Card Number 00000000 
1 Signature. Date. Ба ey) 





















наад rates value on اوک‎ 
tear مد‎ ene 

N.B. Subscrbo 

Sinclair User wil occa 
magazines 













ould be aware that Timex 
juce top articles that have appeared in our U K 








If you’re a serious Sinclair user — 
why don’t you stop playing games? 


If you need a new challenge that does'nt involve saving the universe from 
destruction, beating off green monsters or flying a spaceship — we can 
bring you down to earth with stimulating, practical projects for the ZX81 and 
Spectrum in Sinclair Projects magazine! 
In recent issues we have shown how to use your Sinclair for controlling your 
central heating . . . improving the graphics . . . build a printer interface 
and many more ideas that tax your ability and ingenuity, 
Sinclair Projects is published every two months as a glossy, instruction- 
packed magazine that gives you all the encouragement you need to 
exercise your talent and take a serious look at what 
your Sinclair can do for you. 
Each issue can contain as many as FIVE step-by-step projects — 
yet it's yours for JUST 96р. So if you want a break from 
playing games, make sure you order YOUR Sinclair 
Projects from your newsagent today — or fill in 
the form below and we will send it direct 
to you, six times per year. 
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Microdrives get 


into first 


gear 


Stephen Adams takes the top off the 
Sinclair mass storage system 





INCLAIR has at last launched 
the long-awaited Microdriv 
To use it two boxes are re- 
quired, the Microdrive and the Inter- 
face І. As a bonus the Interface І also 
contains a full handshake-driven 
RS232 port and a network interface 
which will allow up to 64 Spectrums 
to talk to cach other. 

The Microdrive is the same shape 
and size as the original Microdrive in 
advertisements exc ca 
tridge is now about half the size. The 
drive is more like a very high-speed 
tape recorder than a disc drive, as 
only serial and not random access is 
allowed. 

There is only one moving part in 
the drive, the motor. It pulls round 
the tape in the cartridge via a pinch- 
wheel system at the side of cartridge. 
The tape has two tracks, each picked 
up by the stereo tape head fixed inside 
the box. There is no adjustment need- 
ed on the tape head to align it, as two 
spring clips on either side of the head 
bring the front of the tape cartridge 
to the correct position across the 








head. The cartridge is only 13 x 12x 
Уп. and consists of a continuous 
spool of 20ft. long, 23 microns thick 
video tape, 1.9mm. wide, made by 
Thorn-EMI. The tape takes 3.5 sec- 
onds to travel one revolution and 
with two tracks recorded on it has an 
average access time of 3.5 seconds, 

The amount of data stored is 85K 
minimum per cartridge, giving 680K 
on eight drives. The cartridge has a 
write-protect tab which can be re- 
moved with a small screwdriver and 
cannot be inserted into the drive the 
wrong way round. The entire car- 
tridge is in a thick black case to 
protect it when not in use, That must 
be removed before inserting it into 
the drive. The Microdrive has no dust 
protection, as its slot is open all the 
time a cartridge is not in use. 

The cartridge can be removed at 
any time from the drive so long as the 
drive is not running — only one Mi- 
crodrive can run at a time. That is 
indicated by a red LED on the front 
of the drive. 

The drives are inter-connected by а 














16-way edge connector with a keyway 
at pin 3 on each side of the drive and 
an inter-connecting plug between 
each. Up to eight drives may be con- 
nected to one interface. The connec- 
tion to the interface is done by a 
flexible cable and two insulation dis- 
placement connectors, approximately 
6in. The connections between the 
drives are secured by а plastic plate 
screwed between the underside of the 
drives. 

The Interface 1 plugs into the back 
of the Spectrum via the edge connec- 
tor and rests underneath the Spec- 
trum, raising it to a 20-degree angle. 
That is the only connection to the 
Spectrum and the interface draws all 
its power through it for the drives and 
itself. The expansion interface is re- 
produced just below the original in- 
terface, which is covered by a hood of 
black plastic and all the connections 
are the same. 

The connections to the RS232 are 
via an Atari-type 9-pin socket at the 
backiand consist of TX data, RX 
data, DTR (input), CTS (output), 
+9۷ and OV. A 25-way 'D' plug on a 
cable is available for £14.95 inc VAT. 
The speed can be set at anything from 
19,200 baud downwards and is pro- 
grammed by poking a 16-bit number 
into a new system variable. 

The network part of the interface 
allows up to 100K baud of data to 
pass over an audio cable 2ft. long 
between Spectrums. That is supplied 
with the interface. The terminating 
jack plugs are 3.5mm. — the same as 
for the cassette leads. The unit was 
demonstrated by transferring а 
screenful (6K) in three seconds down 
the network. 

The control is via extended Basic 
commands included in an 8K ROM in 
the unit which is bank-switched in the 
16K ROM area. 

The Interface costs 5 when 
bought with a £49.95 Microdrive and 
£49.95 on its own. Postage adds 
another £4.95. The cartridges cost 
£4.95 each. Only those notified by 
Sinclair may order Micyodrives — а 
maximum of two per customer — 
with as many cartridges as you want. 
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Camel 
expanding 


THE CAMEL 
Cambridge Microelectron- 
ics has been expanded by 
three new ROM-type packs 


range by 


for the ZX-81. ROM-8I al- 
lows you to plug-in up to 
8K of EPROMs into the 
two sockets provided 
2716 or 2732 types. 
The memory area cov- 





range 


ered із selected by soldered 
straps inside the black plas- 
tic box. 

The Dream 81 has 64K of 
RAM plus an EPROM 
socket which will take up to 
16K of EPROM — 27128 
The EPROM replaces the 
RAM between 8K and 16K 
on the memory map and 





permits the use of the 
slower 450ns EPROMs. 

The 16K of the 27128 is 
split into two 8K areas 
switched in and out by a 
switch inside the pack, 
which makes it a little aw 
ward as it is under the cover 
and not removable when 
using the machine. 

The Cramic is a bigger 
version of the Memic (16K) 
which resides in parallel 
with the 16K RAM on a 
ZX-81. It can be used to 
capture and retain any 16K 
program. Used in conjunc- 
tion with a 16K RAM pack 
it allows you to restore a 
program in seconds. The 
Cramic is bank-switched by 
a software 1/О output in- 
struction to ports 16 to 31 

The control of switching 
and copying of memory to 
the Cramic is done by a 
small machine code pro- 
gram in a REM statement at 
the beginning of each pro- 
gram and must be typed-in 
or run in from TAPE be- 
fore using the pack. 

The Passport program al- 
lows you to use the Cramic 
as а second program, 














switching between that and 
the original. Spare memory 
in another location will be 
required to swap variables 
between programs. 

The Cramic is housed in 
an 8łin. x lin. х 3in. black 
box which is attached to the 
ZX-81 by a flexible ribbon 
cable. An expansion con- 
nector is also provided at 
the back for the RAM pack. 

The RAM consists of 
6116-type memories backed- 
up by a lithium battery, The 
cover has two switches; 
SEL brings in the Cramic 
during a program and ON 
allows the Cramic to be put 
in parallel with the existing 














tured’ just by de-selecting 
the Cramic. Unfortunately 
that crashes the program in 
RAM but re-inserting the 
machine code will bring it 
back as good as new. 

The Cramic costs £91.95, 
ROM-81 £17.20 and the 
Dream-81 £80.45 from 
Cambridge Microelectron- 
ics Ltd, 1 Milton Road, 
Cambridge CB4 IUY. Tel: 
0223-314814. 














Gaming 


ELECTROTECH has pro- 
duced a large box contain- 
ing a programmable 
joystick and three large 
push-buttons. In appear- 
ance it looks very similar to 
the large games machine 
controls. A printed circuit 
board which contains a 2K 
RAM plugs into the back of 
the Spectrum. It is used to 
store the information on 
what keys to operate when 
the joystick switches are op- 
erated. 

There are eight positions 
on the joystick as the cor- 
ners also operate both 
switches. Whether that will 





aid 

be useful or confusing will 
depend on the game. All the 
microswitches are large pro- 
fessional types — which 
should last a long time. 
That also explains the cost 
of the joystick, expensive at 
£43.70 for the standard 
model. 


A tape which accompa- 
nying the joystick is a Basic 
program which allows you 
to program the joystick and 
SAVE the results on to 
tapes as a machine code 
file. It allows you to re-load 
the key combinations for a 
game without the slow pro- 





cess of the Basic program. 

The keyboard is not af- 
fected and can be used as 
well as the joystick for en- 


tering the score. Seven 
functions can be pro- 
grammed — three switches 


and a four-position joy- 
stick. The cost might suit 


some shops which wear out 
joysticks very quickly but 
there seem to be cheaper 
alternatives for the average 
user. 

Electrotech is аг 2 Heath 


Close, Winston Hill, Lu- 
ton, Beds. Tel: 0582- 
429809. 
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Seeking to convert 
analogue to digital 


1 AM a physician interested 
in computers and owner of 
а Spectrum. І intend to sub- 
scribe to Sinclair Projects. 
In addition, I am interested 
in literature about building 
an analogue-to-digital con- 
verter and connecting it to 
the Spectrum, as well as 
using the machine to con- 
trol switches. 

1 know much literature 
exists for the Vic-20. І 
would therefore appreciate 
if you will be able to refer 
me to the literature about 
A/D conversion and con- 
trolling switches with the 
Spectrum. 

Dr Ron Leor, 
Jerusalem, Israel. 
e Issue one of the magazine 
had two projects, the 
Latch-Card апа Power- 
Card, which, when used 
together, allow a ZX-81 or 
Spectrum to control four 
relays; a second one could 
be added, giving control of 
a total of eight relays. Sin- 
clair Projects for June/ 
July, 1983 had an article 
titled Frequency Gauge 
which gave some circuits 
for A/D conversion while 
the April/May issue con- 
tained a full article on a 
multi-channel A/D and D/ 
A board. 


Graphics 

WITH REFERENCE to is- 
sue one of Sinclair Projects, 
specifically the Graphics 
Generator, І wonder if you 
could supply me the neces- 
sary correct circuit diagram 
and other information as, 
after two non-working at- 


tempts, І would rather the 
third one works. 
Andrew Granger, 
Sheffield. 
e Sorry you had difficulty. 
You could refer to issue 
two, page 49, which gave 
the Vero layout, and issue 
three, page 16, which had 
some additional notes. 


Making sound 


І READ with interest the 
Spectrum sound generator 
article in the June/July is- 
sue. I wish to build the pro- 
ject for a ZX-81 and would 
be pleased if you could sup- 
ply advice for the conver- 
sion. 

Will the part addresses 
need to be fully decoded as 
in the EPROM Program- 
mer for the ZX-81? Can the 
same parts be used? 

Glyn Whatmore, 
Ellesmere Port, 
Cheshire. 


* If you build as recommen- 
ded in the June/July issue 
and incorporate the recom- 
mendations from this issue 
it will work with the ZX-81. 
You must remember to use 
the shorter edge connector. 
As it will be 1/0 mapped 
you will need to write a 
machine code program to 
control it. More infor- 
mation will be given in fu- 
ture issues. 


Output details 


1 WAS ABOUT to write 
suggesting you include an 
article explaining the var- 


ious connections on the out- 
put connector when І saw 
the article by Ian Mellor. 
My delight was short-lived, 
however, because having 
ploughed through the first 
page fairly easily, І was 
bogged down trying to un- 
ravel the explanation of- 
fered about how the 
decoding is performed. 

I think Mellor has a good 
deal of detail logged in his 
memory which to him 
makes perfect sense because 
he can cross-reference every 
detail within his own mem- 
огу — but forgets that we 
humble electronics buffs do 
not have so much knowl- 
edge of the intricacies of 
computers. 

His shorthand way of ex- 
plaining the decoding left 
me baffled. He made state- 
ments which seemed to re- 
fer to nothing he was 
explaining at the time, ex- 
pecting the reader to under- 
stand what it meant. 
Starting from the sentence 
“Each line is scanned eight 
times", І was lost. He did 
not explain what a charac- 
ter matrix is, what scanning 
means, and before all that, 
why it is necessary to turn 
off RD and MREQ or what 
they are, what the lines DO 
and D4 are used for, what 
the refresh register does, 
what is an interrupt enable? 

As you can see І am con- 
fused. Perhaps another 
easier-to-follow article, or 
should I have done some 
homework before attempt- 
ing to follow the article? І 
am sure many readers will, 





like me, be attempting to 
follow the wording with 
just a basic electronics 
knowledge and binary the- 
ory, and yet wanting to 
know for what all those 
connections on the back can 
be used. Figure 7L does not 
help much, either. Perhaps 
his next article will go into 
more detail. 
M O'Toole, 
7 Francis Street, 
Leeds. 
e Apologies for the diff 
culty you had with the arti- 
cle. Micro computers, even 
though they may be small, 
are really very complex 
pieces of equipment — even 
the ZX-81 — and to explain 
their workings from scratch 
would fill books. Try the 
local library for a begin- 
ners’ book on microproces- 
sors апа microcomputers 
and keep reading Sinclair 
Projects. Most of the arti- 
cles in Sinclair Projects will 
be at a much simpler level 
and eventually you will find 
that they have explained 
most of the things you did 
not understand in Mellor's 
article. 


Video signal 


FIRST, congratulations on 
a superb magazine. Could 
you tell me whether you can 
take the video display direct 
from the Spectrum, via the 
video channel on the bot- 
tom row of the edge-con- 
nector? If that is possible, it 
would save literally thou- 
sands of pounds for ama- 
teur TV enthusiasts, elimin- 
ating the need for a video 
camera. A monitor — a 
normal ТУ set connected to 
the Spectrum would do. 
David Harrison 
Burgess Hill, 
West Sussex. 
e You misunderstand the 
video signal. The signal 
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1 ап 








from the edge connector pin 
15b is that which appears 
on the TV screen but before 
it has gone through the mo- 
dulator. On the issue one 
machine some links are 
missing апа Y, U, V, and 
video never reach the edge 
connector. 


Joystick 


1 READ of the project to 
construct а Joystick Con- 
troller with great interest І 
would very much like to try 
this project but І have a 
ZX-81, not a Spectrum. І 
am a beginner with comput- 
ers and their working and 
therefore would be grateful 
if you could tell me if this 
project can be adapted for 
the ZX-81 and how. 
Charles Mann, 
Aberdeen. 


eTo adapt the Joystick 
project of issue one to work 
on the ZX-81 instead of the 
Spectrum should be easy. 
The connections to the edge 
connector will need to be 
connected to the equivalent 
pins on the ZX-81 connec- 
tor — see the edge connec- 
tor diagram at the back of 
the magazine. The machine 
code routine used in the 
Spectrum version is re-loca- 
table, so we can put it any- 
where in RAM and it will 
still work, and a convenient 
place оп the ZX-81 is in а 
REM statement in the first 
line of a Basic program. 
Type-in the program in 
figure one, run it, and enter 
the numbers from the 
DATA statements of lines 
40 to 60 of the Spectrum 
program. Delete all but line 
one and add the other lines 


from figure two. GOSUB 
9000 will then execute the 
machine code program to 
read the joystick positions 
and return them in variables 
band cas for the Spectrum. 

To alter the zero count of 
the X and У joystick posi- 
tions instead of changing 
the numbers in the DATA 
statements of lines 41 and 


43 you will have to POKE 
the new values into 16516 
and 16518. 

The sixth, 12th, 2ist and 
23rd numbers of the ma- 
chine code are 255, which is 
the port address of the joys- 
tick. 











Figure 1. 


1 REM 


LET 81 
LET A2 
FOR A= 
SCROLL 








CHARACTERS 


INPUT DATA 
POKE_A DATA 
PRINT Å, DATA 
NEXT A 


HERE 





Low-cost solution to 
the RAM wobble 


In the first of a regular spot for tips from readers, we publish 
this advice from Robert Lorenzo of Dagenham, Essex 





AT LAST, a ZX-81 RAM wobble 
solution. It is the cheapest possible at 
about 15 pence but for most it will 
cost nothing. You will need about 6 
in. of thin insulated wire. 

You must first remove the locating 
key from the RAM connector shown 
at B in figure two. Then thread the 
wire through A shown in figure one. 
Figure two shows what it should look 
like so far. Then replace the locating 
key in the connector. 

Then twist the ends of the wire 
together until you can use pliers but it 
is not essential — shown in figure 
three. When it is finished, plug in and 
you can write a program and can at 
اق‎ breathe at the same time. 





The wire does not tighten the con- 
nector to the board inside the ZX-81 
but instead it takes a firm grip to the 
case of the computer — so tight that 
the computer can be held up by RAM 
alone. 





Figure 1. 
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Making 


sure good routines 


are stored permanently 


HE 1/O-MAPPED add-ons 
| for the ZX-81 described in this 
magazine require the use of 
machine code routines and many will 
be interested in the speed and effi- 
ciency of machine code. With ma- 
chine code many things can be done 
which are not possible in Basic. 

Machine code can be stored in ѕеу- 
eral places, Above RAMTOP is a 
good place. It is stored in RAM out- 
side that accessible to Basic. It will 
not be over-written by a Basic pro- 
gram or erased by NEW. Being inde- 
pendent of the Basic program it is 
transferable from one program to 
another. It cannot be saved unless it is 
transferred to another part of the 
memory space between 16K and 
RAMTOP. Its position can be fixed 
so that non-relocatable code — ma- 
chine code which includes jumps to 
specific addresses — can be used. 

It can be stored in а REM state- 
ment. If a REM statement is the first 
line of a program it will not be moved 
about in memory. Basic will not try to 
execute the REM statement but it will 
be cleared by NEW and can cause a 
system hang-up when listed. It is 
possible to protect the REM line from 
being listed. The REM line is an 
integral part of the Basic program 
and so it can be SAVEd but it is not 
easy to transfer the machine code 
from one program to another. 

It can be stored in a REM line at 
the end of a program. It will be 
EDITable, SAVEable but can be 
made unLISTable, A suitable place 
for relocatable machine code. 

In the variables area the machine 
code can be stored as a string array. 
The position of the array will remain 
fixed if more than 3+1/4K of RAM 
is fitted. Use of RUN or CLEAR will 
erase the machine code. It will be 
saved with Basic program. To trans- 
fer the code between programs it will 
be necessary to move the array to a 





Many projects require ma- 
chine code programs but they 
have to be entered each time 
it is set up. Graham Bradley 
describes a device which al- 
lows a copy to be kept. 


position above RAMTOP. 

Additional RAM can be decoded to 
occupy the space between 8K and 
16K. That space is transparent to the 
computer operating system. It is not 
cleared by a system re-set so that a re- 
set key can be added which is a great 
help when debugging programs. Be- 
ing independent of Basic, apart from 
the initial USER call, it can be trans- 
ferred from program to program. 
That area of memory will not be 
SAVEd and so the machine code will 
need to be transferred to an array for 
saving. 

The first four techniques can be 
implemented on the standard ZX-81. 
The fifth technique requires extra 
RAM to be added in the 8K to 16K 
space. Machine code routines often 
have applications which are useful in 
many programs. One of the most 
commonly-used routines is the re- 
number of Basic lines. Therefore it is 
useful to have the routines on hand 
and available to all Basic programs. 
The battery back-up RAM board acts 





like an extension to the ROM and the 
programs in it are always available. It 
is also useful for transferring data 
from one program to another. 

Its original application was to hold 
the control programs used when the 
ZX-81 is dedicated to one task, such 
as central heating control, weather 
station or security. The program does 
not need loading from cassette and 
the start-up or re-set procedure con- 
sists of a single USR call. A later 
article will describe a small hardware 
addition which will provide the facili- 
ty for autostart. With this device a 
warm re-set will start the program 
running automatically. Battery back- 
up provides secure memory which 
will not lose programs or data if the 
power fails. 

Investigation of figure two the 
power-down timing diagram for 16K 
RAM chips, shows that the CS line 
has to be pulled high to disable the 
RAM before the RAM Усс falls be- 
low 4.5V. The standby power is sup- 
plied from the system through a 
germanium or Shottky diode. They 
have a low forward voltage drop of 
0.3 to 0.4V. The standby battery is 
trickle-charged through the 1K8 re: 
tor across D3 which is reverse biased. 
The electrolytic 634 capacitor is 
charged to about 4.7V and is suffi- 
cient to maintain the standby power 
at 4.5V until the system power has 











Figure 2: 6116LP data retention character. 


Minimum supply voltage required 2 OV 





(= Battery voltage — 02V] 


(note 6116P is not suitable for battery back pi 
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Figure З CMOS STATIC RAMs 
CMOS 16384-BIT STATIC RAMs 


* Organized as 2048 x 8, 
* Addres 


* Low Power Dissipation — І” (Active) = 
ботА max 


19 (Standby) = 2mA тах 
1° (Data Retention) = 104A тах 

* Data Retention 2.0V min 

* Single +5۷ DC supply, + 10% tolerance 


* Completely static operation, no clocks 
required 


* Equal Access and Cycle Times 


Access Time — 200nS max 





* Two Level chip control 


* Output Enable 
* Fast ОЁ Access Time: 100 ns Max. 


+ Output timing reference levels: 0.8V- 
22V 


* TTL compatible inputs and outputs 
* Plug-in compatible with 16K 5 
* Industry standard 24-pin DIP package 


SPECIAL FEATURES 
۸۸88416 * CE (Pin 18) control for simple 
memory expansion, standby power and data. 
retention 


* DE (Pin 20) control for fast memory ac- 
cess, output buffer control and elimination 
of bus contention problems 


* GE Access Time — 100nS max 


EPROM 
* Pin compatible with HM6116, TC5517, 
46ء‎ 


MB8417 + CE (Pin 18) control for simple 


memory expansion, standby power and dat 
retention 





* C$ (Pin 20) control for simple memory 
expansion 


* CS Access Time — 10005 тах 
* Pin compatible with TC5516, ;PD447 


۸۵9418 * Both CE; (Pin 18) and CE, (Pin 
20) provide power down capability 


* CE, and СЁ, provide simple memory ox- 
pansion 


* СЕ, and CE, Access Time - 20008 max 






































* Chip Select * Pin and function compatible with 2716 * Pin compatible with TC5518 

TRUTH TABLE 
DEVICE NUMBER мв8416 мв8417 MBB418 
PIN NUMBER 18 20121 2a [1817 | 80123 | 24 [1317 | 18|20|21| га haar 

PIN NAME 
CE|OE|WE| suPPLY | ШО | СЕ |С5 |МЕ suPPLY | vo | СЕ, СЕ, МЕ | SUPPLY | vo 

MODE CURRENT CURRENT CURRENT. 
WRITE E Ыы [3x0 ESL а. [К ЗЕ 6 D, 
READ tjt he مین‎ 8 СУ р БЭ Daye 
OUTPUT DISABLE Ын k өн2|-1-1-| - = 1-1- = = 
CHIP DESELECT -|-|-| - - С|н|х| і. нөн21-1-1- = = 
‘STANDBY 1 -1-1-1 - -11-1-1-1 - - ы | анг 
STANDBY 2 "|x|x| „ Beuz|M|x|x| і, нөн2|Нїх|х| і. Мөн 
























































PIN ASSIGNMENTS MB8416 


ш = مھ ہی‎ шм = 
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Figure 5: Underside view. 
Use this аз a guide when wiring up 


MM 58174 


7415 138 


TO CLOCK CHIP 

















"m su 
4 Мі 
5 RESET 
zl BUSAK 
عو‎ (шыш. 
کاپ می اہک‎ 
7 سی‎ авы. 
т یز وک ات عو‎ 
Xr 1675-2222 ГЕ Ж = 
л а 1 D, ھ‎ 
> ^ ا بیع سے‎ D — 
3 سے میک یو‎ 
T cum pe 
ж o р, 
ж ov سے‎ 
H Ov p, — 
3 
5v D o— 
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1 H H Шин! H H 
fallen to a level where the WE line | Figure 4: 2716 2048 х board 8 bits UV erasable and electrically 
will be caused to go high. programmable RON 
If you wish to store your programs 
permanently it is possible to blow an 2532 2732 
EPROM and put it into the socket in ^ 
place of the RAM. The 2K EPROMS Veo Мет 
2716/2516 are a direct plug-in re- ^ 
placement for the RAM chips used in ^ ^ 
this project. The 2732 4Kx8 ^ А, А, 
EPROM сап be used with a slight 
modification to the circuits. TEN Tv» | v а 
The circuit is constructed on the = СЕ م0۷‎ 
standard size of Veroboard, 36 strips ^ 81 20] се Av An 
by 50 holes, The address and data ЯГ +e 
lines are taken to at least five sockets, 
resulting in a great number of inter- o о, 
connections; because of that а wiring о, 2 
реп and the special enamelled wire 
should be used. S о, 
There is room on the board for ће о, 5 
addition of the real-time clock de- 
scribed in a previous issue. A real- o о 


time clock is very useful in control 
and monitoring situations. The cir- 
cuit for the ZX-81 real-time clock will 
appear in a later issue. 

There are four sockets for 2K 
CMOS RAM chips using either 6116 
or 5516 ICs. The fifth socket is for 
the real-time clock and is decoded to 
occupy one 2K block of RAM space. 
A little space and time can be saved 
by dispensing with either one RAM 
socket or the clock socket. Two other 
sockets are provided for the decoding 
and write enable circuitry. 

Insert the sockets into the positions 
shown and secure them in place by 
soldering two pins, the power supply 
pins 7 and 14 or 8 and 16 or 12 and 
24. Mount the edge connector so that 
it is about 6 to 10mm. clear of the 
board but leave at least 5mm. of the 
pins on the copper side of the board 
to allow a ZX-Tongue to be soldered 
in place to allow further expansion. 











Vee +5v + 10% 

Ac-Ayo — address bus 

1/01-1/08 — data bus (00-07). 

WE — write enable (pin 21) — to WR line 
ОЕ — when this pin (pin 20) is high the 6116 
data output lock (1/01-1/08) is in a high 


impedance state and the chip cannot be 
read; connect to low, pin 18 or RD. 

CS — this acts like a second chip select or 
chip erable pin (pin 20 оп 5516): connect to 
low or pin 18. 

When this high no read or write can take 
place, RAM is deselected 


























үле 5015 х 26V pulse whan pro 


мөр 





with EPROMS is мон 
20005 max. buta wai 
سس‎ 














ОР CODE FETCH TIMING 
To use 4K x 8 EPROM: or together CS1 and CS2 
csi 
cs2 


ог connect A11 to pin 18 of 2532 or pin 21 of 2732. 


PIN 20 of 2532 АК x 8 EPROM 
PIN 18 of 2732 4K x 8 EPROM 
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Secure it in place by soldering the end 
four pins. 

With a track cutter or drill, break 
all the tracks between the IC pins and 
between the edge connector termi- 
nals, Glue the plastic wiring channel 
along between the IC pins. Make sure 
that it is long enough to project be- 
yond the ends of each row of ICs. 
Insert and solder the wire links. 

Place a 4in. high box Оп the table 
on which to rest the board so that you 
are not crouched over while working; 
that reduces back-ache. Make sure 
that you have plenty of light and 
ventilation and try not to inhale the 
fumes given off by the wire enamel 
while it is being soldered. The fumes 
can be dangerous in large quantities. 

To melt the special enamel the sol- 
dering iron used needs to be hotter 
than normal or you will not achieve a 
good connection. Practice on a spare 
IC socket mounted in a scrap piece of 
board. Remove the excess solder 
from a joint after you have made it, 
then try unwrapping the wire. If it 
leaves the pin the joint was not hot 
enough. 

Start with the data bus and all the 
connections to that side of the edge 














connector. Wrap three or four turns 
round pin 1, top of the edge connec- 
tor, take the wire into and along the 
channel. Take it to pin 17 of the first 
RAM socket, wrap it twice round the 
pin then to pin 17 of the second, third 
and fourth RAM sockets. Without 
breaking the wire, wrap it around pin 
16 (D6) of the fourth RAM socket, 
then go back to pin 16 of the third, 
second, first and then pin 7, top of 
the edge connector. 

Again without breaking the con- 
nection run to pin 8 top (D5) and wire 
all the DS connections (pin 15 on 
RAM) to the fourth RAM and so on 
until you have connected all the data 
bus. Solder all those connections. 
Break the wires between the pins D1- 
D2, 05-06, 03-04 on the edge con- 
nector, and pins D7-D6, D5-D4 on 
the RAM sockets. 

If you wish to add a real-time 
clock, wire а 16-pin socket as the fifth 
one in the line but only D3 to DO and 
АЗ to А0 are used. 

RD is connected to pin 2 of the 
clock chip only, WR is connected to 
pins 8, 9 of the CMOS NAND gate; 
МЕЕО is connected to pin 4 of the 
138. At that stage check all the con- 





nections for continuity, using a me- 
ter. In particular, check all adjacent 
pins to ensure that there are no short- 
circuii 

Use the same technique to connect 
the address bus and finally check that 
stage of construction by connecting 
to the ZX-81, switch on, and the 
cursor should appear. Non-appear- 
ance of the cursor will indicate a short 
circuit due to a link not yet broken, or 
a solder bridge. I missed breaking the | 
link between A8 and A7 first time. 

Operation of the slide switch can 
cause sufficient movement to crash a 
program. Once you have decided the 
configuration of your system, con- 
struct a framework to support your 
add-on boards. Connect the switch by 
a short length of wire and mount it 
off the board. 

Note that A13 does not go directly 
to the 74LS138. That is so that it can 
be driven high by taking the other 
inputs to the NAND gate high. That 
feature will be used in a later article 
describing how you add the autostart 
feature and the real-time clock. 

RD is connected to pin 2 of the 
clock chip only, WR is connected to 
pins 8 and 9 of the CMOS NAND 

iate; MREQ is connected to pin 4 of 

the 7138, At that stage check all the 
connections for continuity, using a 
meter. In particular, check all adja- 
cent pins to ensure that there are no 
short circuits. Use the same technique 
to connect the address bus and finally 
check that stage of construction by 
connecting to the ZX-81, switch on 
and the cursor should appear. 

Non-appearance of the cursor will 
indicate a short circuit due to a link 
not yet broken or a solder bridge. I 
missed breaking the link between A8 
and A7 first time round. 

Connect the clock chip select pin 1 
to RAM 4 chip select. Connect the 
write enable pins together — pin 21 
on RAMS, pin 3 on clock. The chip- 
select connections are then made to 
the 74LS138 from each RAM chip. 
The power and other connections are 
made using wire links. The slide 
switch for the write-protect function 
was glued in place. With the battery 
and all the ICs the board is heavy and 
prone to wobble. 
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Getting proper connections 
makes sure of success 


In our previous issue we 
showed the best methods for 
organising the layout of com- 
ponents. Peter Grimes now 
gives advice on how to link 
the components to ensure a 
good project. 


HERE ARE MANY ways of 
ackling the assembly of a cir- 


cuit, Each of us will have а 
preference for one method. The 
methods used in the construction of 
rcuits for Sinclair Projects are de- 
signed so that anyone without the 
need for special facilities can build a 
circuit. 

Mention is made in this article of 
some techniques which require special 
tools.. Those techniques may have 
certain advantages but it does not 
exclude the possibility of using 
Veroboard and wire for circuit con- 
struction. The aim is to enable you to 
build a circuit using your own tech- 
nique from the circuit diagrams so 
that it does not matter whether the 
original circuit was constructed on a 
PCB or by using wire wrap or any 
other method. 

If a little care is exercised during 
assembly of electronics projects 
which are built on Veroboard or 
printed circuit board, the chances of a 
correct, reliable, working-first-time 
project are greatly enhanced. 

It was once stated by Sinclair Re- 
search that of all the kit ZX-8ls re- 
turned faulty, about 40 percent were 
simple faults, such as dry joints which 
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А resistor with 
سیت‎ 
ready for 
insertion 











could have been avoided easily with a 
little care. You cannot send your 
Veroboard circuit back to Sinclair, so 
to avoid having a frustrating time 
searching for dry joints and faulty 
connections, it is essential to develop 
a methodical technique. 

First, clean the Veroboard; it could 
be several years old and the copper 
strips will be oxidised. An ink rubber 
is ideal. Use something which is not 
too abrasive—wire-wool is accept- 
able, even Brillo pads, but wash and 
dry it well. Glass paper is often too 
harsh; use a fine grade very sparingly. 

Insert IC sockets first and the edge 
connector. They act as a guide to 
position the other components. Try 
to arrange it so that all ICs face the 
same way; that reduces the chance of 
putting one in the wrong way round 
and makes it easier to keep track of 
pin numbers. 

Bend the IC socket pins outwards 
slightly so that the socket does not 
fall out when you turn over the 
board. Preventing the component 
sliding out can be a problem. Some 
manufacturers use foam to hold the 
components in place but I have found 
that the kind of foam available 
around the home is not suitable for 








holding components in place because 
it melts and invariably somehow finds 
its way on to the soldering iron. 

Do not be tempted to bend out the 
leads too far because that makes it 
difficult to get a good joint. The 
usual technique is to insert all passive 
components, such as resistors, ca- 
pacitors, IC sockets, first and then 
solder them all at once. In that way 
you can check positioning before sol- 
dering but if you are careful you can 
solder as you proceed. 

When bending component leads, 
grip the component side of the lead 
with a pair of long-nosed pliers—see 
figure one. A pair of ordinary pliers 
will do but do not mark or stress the 
component leads. Then, using your 
fingers, apply pressure to the lead 
sticking through the jaws and bend to 
90 degrees. The point in doing it that 
way is so that the body of the com- 
ponent is not stressed at all—hence it 
is unlikely that cracks will appear in 
delicate components—and it also 
makes for a professional-looking job. 

Put all resistors with colour codes 
going the same way. Mount capaci- 
tors so that their values are readable. 
Keep component leads short to avoid 
short circuits and inductance effects. 
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Component 


Another thing to watch for when 
inserting resistors into Vero/PC 
board is to make sure the leads are 
clean. Often when buying resistors 
they are in bandoliers which are in- 
tended for industrial component-in- 
serting machines and when the paper 
is removed from the leads a deposit of 
glue is usually left behind. It is a good 
idea to remove the glue with a piece 
of cotton wool soaked in methylated 
spirit, It is a golden rule when solder- 
ing components into place that both 
surfaces to be soldered should be 
clean. Cutters can be used to scrape 
component leads until shiny but do 
not remove the tinning. 

Electronics projects for computers 
invariably contain integrated circuits. 
It is advantageous to have every IC in 
an IC socket, especially CMOS ےل‎ 
vices, as that facilitates easy removal 
of the IC, should it be necessary, and 
avoids damage to CMOS due to static 
discharge when soldering. One thing 
to remember when buying Veroboard 
is that there is more than one type; 
the type used for most ZX projects 
has a hole pitch of 0.lin. and will 
accept dual-in-line sockets. 

The size of Veroboard required 
usually is indicated in the article and 








Figure 5. End of wire-wrap tool. 


Hole into which wire goes, 


Hole which fits over edge 
‘connector pin 














we shall be attempting to keep to one 
standard size of 50 holes by 36 strips. 
If you are not too sure of the size you 
need, build the circuit on a large piece 
of Vero as neatly and compactly as 
possible and then trim it to size after- 
wards. 

To cut Veroboard score it along a 
line of holes on the copper side so 
that you cut the copper strips when 
trimming across them. Sandwich it 





Figure 4, All in one hand wire-wrap (ool, 





between the table and a straight block 
of wood and break it off. The rough 
edge can be cleaned with a file. When 
trimming the other way, score bet- 
ween the copper strips, Determine 
where the edge connector will be ac- 
cording to the two diagrams and then 
break all the copper strips which will 
be between the pins, 

We shall be using edge connectors 
with long wire-wrap-type pins—they 
are not true wire-wrap pins—so that 
project boards can be made stackable 
as shown in figure seven. 

Опсе you have cut the tails, insert 
the edge connector so that it stands 
clear of the board by about 6mm. and 
solder it into place. All other breaks 
in the track can be made after the 
components have been soldered into 
place unless you are using a wiring 
pen. 

When soldering, use a low-wattage 
iron with a small bit. The correct way 
to solder a component into place is to 
tin the bit, i.e., cover the tip of the bit 











with a thin layer of solder, then heat 
the component lead and the track on 
the board at the same time; if that is 
not done the flux in the solder will 
flow around the joint, insulating the 
component lead from the track; that 
is what is widely-known as a dry 
joint. 

If the joint is hot enough, solder 
will flow easily around it. A small 
amount of solder on the iron forms a 





E 


"Supper V shaped 


heat-conducting layer between the 
iron and the component. 

Once the lead and track have been 
heated, solder is applied sparingly to 
the joint and when solder flows on to 
the joint the iron is removed. A good 
way to remove the iron is along the 
component lead; that causes a conical 
shape to be formed, as in figure three, 
and helps to avoid solder blobs form- 
ing around the joint. 

It should not be necessary to heat 
the joint for more than about four 
seconds at most although beginners 
may find that difficult. Good solder- 
ing is mostly a matter of practice; 
once learned it is seldom forgotten. 
One point to bear in mind when sol- 
dering semiconductors is that they 
can be damaged very easily by exces- 
sive heat, so it is a good thing if the 
iron is applied to the joint for as little 
time as possible. 

An ordinary drill bit of almost any 
size from about jin. upwards will 
suffice for cutting the copper track on 
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Veroboard. Insert the drill tip into а 
hole at the joint where the break in 
the track is needed and then a few 
turns of the bit will produce a break. 

When inserting wire links into cii 
cuit boards, choose a multi-core rath- 
er than a single-core wire for 
insulated leads and use tinned copper 
wire for uninsulated links. That is 
because multi-core is easier to strip 
than single-core insulated cable, even 
with the use of a patent stripping 
tool. It is all too easy to nick the 
conductor and when the ends are 
formed for insertion to the circuit 
board they usually fall off. So be 
extremely careful if using single-core 
insulated wire for links. When using 
multi-core for uninsulated links, wire 
strands usually finish all over the 
place so do not use it for uninsulated 
links. 

When a circuit involves the connec- 
tion of the data bus to more than one 
IC it will not be possible to make all 
the connections with overboard links. 
First solder all the components and 
overboard links but do not insert the 
ICs. Tin the ends of your underboard 
wire, then tin the track where you 
wish to attach the wire. If you wish to 
attach it directly to IC pins, hold the 
wire hard down against the track near 
the pin or elsewhere until the solder 
has hardened. Underboard links do 
not need to be as short or as close to 
the board as overboard links. Use 
sufficient lengths to make it easy 
work and then press them flat against 
the board when you have finished. 

An easy way of making connection 
to ZX-type edge connectors is by 
means of wire wrapping to the edge- 
connector pins, although some ZX 
peripherals have edge connectors 
mounted on small PCB and with no 
protruding pins. There are various 
types of wire-wrapping tools on the 
market. Some of them are very ex- 
pensive—around £150 for a mains- 
powered wire-wrapping tool. Just as 
good a job can be done with cheaper 
ones which cost about £4. The pins on 
the better ZX-type edge connectors 
are a standard 0.84mm. diagonal ter- 
minal pin, for which wire-wrapping is 
made. Some wire-wrapping tools can 
be used only with certain types of 





wire, e.g., the just-wrap tools avail- 
able from some of the larger elec- 
tronic distributors such as Farnell 
Electronic Components Ltd, Canal 
Road, Leeds, can be used only with. 
Tefzel insulated wire. 

When using the hand wire-wrap- 
ping tool, the wire is first stripped by 
use of the stripper mounted in the 
handle, as in figure four. The wire is 
fed through the larger hole in the 
handle; it then emerges from the 
smaller hole; if the wire is then pulled 
out the way it entered it will be 
stripped for the length which was 
passed through the larger hole. 

The stripped end is then inserted 
into the hole in the tip—see figure 
five; typically a length of 25mm. of 
stripped wire is used. The other hole 





in the tip is then placed over the pin 
on the edge connector and the tool 
rotated about eight times. When the 
tool is removed from the pin the wire 
will be wrapped around the pin as 
shown in figure six. It is important to 
put about eight or 10 turns on the 
wrap because three or four turns may 
not make it a sound joint mechanical- 
ly and electrically. 

Cable-routeing on circuit boards 
should be such that all the com- 
ponents are still easily accessible. It is 
amazing how many beginners route 
insulated links over ICs and find they 
have to de-solder a few links to get 
out the IC. 

Push edge-connector pins through 
Veroboard and solder in place before 
wrapping. Vero will have to be cut 
before the connector is inserted be- 
cause it is almost impossible to do it 
afterwards. 

Wire-wrapping is expensive be- 
cause special wire-wrap sockets have 
to be bought which often cost more 
than the ICs but it has the advantage 
of high packing density and speed. 
An alternative method with some of 
the advantages of wire-wrap is to use 
а wiring pen. 

You can use it as a supplement to 
your usual technique to replace un- 
derboard links when a number of 
data or address lines have to be con- 
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Figure 8. Preparation of board. 
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nected, The two most readily-avail- 
able pens are the Vero-wire pen and 
the Roadrunner pen. 

The special enamelled wire fits in a 
holder at the top of the pen and 
passes down through it to emerge 
from a fine tube at the bottom. The 
Vero-wire pen has an adjustment to 
control the tension of the wire. Road- 
runner supplies wire with several 
colours of enamel. You will also need 
some combs and an iron with a high- 
temperature bit. 

The Roadrunner comb consists of a 
plastic U channel with dovetail- 
shaped slots in the sides. That type of 
comb needs to be glued to the circuit 
board. The Vero-wire comb consists 
of a row of cylindrical capstan- 
shaped pins. That type of comb is 
held on to the board by short pegs 
underneath it which fit into the circuit 
board; specially-prepared stripboards 
are available for use with wiring pens. 

If you are building only a small 
circuit you can use ordinary Vero- 
board but it needs preparing first. All 
breaks in the board will have to be 


straddling the break. Next insert the 
IC holders and if they will not stay 
place solder on the two power г: 
pins. The pins should be bent out- 
wards. The combs are then mounted 
down the centre of each row of IC 
holders between the IC pins. Evostick 
clear adhesive works well with the 
Roadrunner combs. Then experiment 
until you appreciate the technique. 

The edge connector is the most 
difficult thing to wire. The pen will 
not fit between the pins and the comb 
will be no use between them either. 
Fit the comb on the top side—the 
data bus side. I bring wires from the 
address bus through between the pins 
to the comb. 

All the data bus lines will have to 











falling out 








be soldered before wiring the address 
bus, otherwise it will short-circuit 
against the data bus as the pin heats- 
up. 

Wrap the wire around the pin 
about three-quarters of the way down 
and slide it down the rest of the way 
with the soldering iron. Solder the 
first connection of a series. Take the 
wire to the comb and then you have a 
choice, You can wrap the wire around 
the dovetail or peg, interweave it, or 
just run it along the comb. 

Too much tension will pull the 
comb sideways and lose wires; too 
little will allow the wires to drop out 
of the comb. Run the wire to the top 
of the comb where it emerges into 
fresh air. There is no need for hori- 
zontal combs. 

Assuming you started from DI 
lake the wire to DI on the first IC; 
give it only two tight turns around the 
pin. If the turns look like working 
loose and springing off, anchor the 
wires around a peg in the comb to 
keep the tension. Then run to D on 
the next IC, and so on. That is called 
daisy-chaining. If the next pin on the 
last IC is D, and D: continue to that 
one, daisy-chaining D, and D; 
together; later those lines will be cut. 

Work back through all the D;s to 
the connector. The next pin on the 
connector is D,—there is no need to 
jump to D,. Connect all the 
the most convenient method for you 
without losing track of which line you 
аге connecting. 

When soldering, slide the wire 
down the pin with the iron but do not 
remove the iron at that stage or you 
may pull off the loop. A hot iron is 
essential as it has to melt the enamel. 














Bend just sufficient to prevent 
the IC socket or component 





made before you start wiring. Use a 








straight edge and a hacksaw blade to 
remove a strip between the pins of. 
each row of ICs and then between the 
rows of ICs. Keep the IC in line 
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Use а hot bit оп an iron with inter- 
changeable bits, or buy a special iron. 
Roadrunner sells one for about £6 
which has a fine bit. 

The enamel gives off a poisonous 
vapour, so breathe out as you solder 
and do not bend too close to the 
work. Do some test joints. Do not put 
on too much solder and then see if 
you can unwrap the wire. 

Then cut the lines between the ad- 
jacent pins. Connect power rails 
using ordinary wires, Where the wires 
run between pins, as the address lines 
from the edge connector do, they can 











be held in place with Snopake correct- 
ing fluid. 

The only other common method of 
wiring we have not dealt with is that 
of using flexible insulated wire over 
the top of the board. That is the 
traditional way of wiring circuits and 
is often referred to as loom wiring. 

An example of the technique сап be 
found in the Latch Card article in 
issue one. One end of the wire is 
soldered into the board at one con- 
nection point; the wire is then laid 
roughly over the board going round 
ICs, not over the top, and cut to 


Figure 11. Assuming you are wiring, the data bus to two I 
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length about Іст. past the other con- 
nection point; that end is stripped and 
soldered in place. 

When all such overboard wires are 
in place the wires аге bunched 
together with your fingers. For short 
wiring runs that will be sufficient but 
with longer runs it is best to tie 
together the wires and the Veroboard, 
using cotton thread. 

For those who are new to wiring 
techniques all this may seem a great 
deal to digest at one attempt, while 
those who are experts will no doubt 
decide we have omitted their favour- 
ite technique. 

The only way to learn the best 
wiring technique to use in any par- 
ticular project is to practise using 
each one. You do not have to practise 
on an actual project; you can practise 
on scraps of Veroboard using IC 
sockets and a few resistors; that way 
it does not cost much and you do not 
have to worry about putting the wires 
on the correct pins, 
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Jeep ЕЕЕЕЕЕ 7 БНН 
Low cost method 
of keeping record ZEE: 


DEVICE for measuring 
wind speed is called an ane- 
mometer. The type used most 


commonly in meteorology consists of 
three cups pivoted on to a vertical 
shaft. If they are of reasonable con- 
struction the speed of rotation of the 
shaft will be directly proportional to 
wind speed. The fact that shaft rota- 
tion is directly proportional to wind 
speed simplifies the software or hard- 
ware used in the conversion to wind 
speed. 

There are various electrical tech- 
niques for the measurements of rota- 
tional speed; a tachogenerator is an 
AC or DC generator the output of 
which varies with speed. Commercial- 
ly-available units have current or 











of wind and rain 


In the first of a series to build an automatic weather station Graham Bradley describes how to 
measure wind speed. The complete project will include a number of measurement modules 
which will work with either the Spectrum or the ZX-81 


voltage outputs which vary linearly 
with speed. They are expensive. A 
small model motor or cassette motor 
can be used; the output. will be ap- 
proximately linear over a limited 
range. The outputs of tachogenera- 
tors and motors will be of the order 
of one volt at the maximum rotation- 
al speeds encountered in anemo- 
meters; it will therefore require 
amplification. At low speeds the out- 
put of a small motor, such as a cas- 
зеце motor, will be irregular and non- 
linear. That can be alleviated to a 
certain extent by the use of pulleys 
and gears to increase the rotational 
speed of the motor. 

The additional friction caused by 
the tension of the pulley belt requires 












































the use of durable, low-friction bear- 
ings. Motors or tachogenerators re- 
quire careful protection from 
moisture which can further compli- 
cate construction, 

The other methods used to measure 
rotational speed are pulse-counting 
techniques. The pulses are generated 
by electromagnetic, capacitive or 
opto-electronic tranducers or by reed 
or other switches, 

The wind speed is determined by 
counting the number of pulses occur- 
ring in a fixed period. Electromagnet 
ic and capacitive transducers require 
additional electronics, which may be 
built into the transducer housing, and 
are more expensive than opto-elec- 
tronic or electro-mechanical switch 














Figure 1. 


Anemometer drives. DIRECT DRIVE 
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methods of pulse generation. 

Reed switches are the cheapest апа 
easiest to use. One useful source of 
suitable reed switches and magnets is 
certain types of surplus computer 
keyboards. One reed switch and four 
magnets should be sufficient. The 
more magnets you use the more 
pulses you receive in a given time and 
the easier it is to measure low wind 
velocities. 

The opto-electronic technique re- 
quires a source of light such as a LED 
and a light detector such as a photo- 
transistor, photo-diode or photo-re- 
sistor. A slotted opto switch 
simplifies the problem of mounting 
and aligning the devices. The beam of 
light will be interrupted by slots or 
holes cut into a disc. 

The main points about the con- 
struction of the anemometer are that 
the spindle should be vertical and the 
rotating parts well-balanced. The 
spindle should be able to turn freely 
to obtain maximum sensitivity and 
linearity. If a pulse-counting tech- 
nique is used — there is no sideways 
force on the spindle — the bearings 








can be made by drilling holes of clear- 
ance size in thin sheet steel. Copper 
and aluminium are softer and will 
wear out more quickly. Exposed 
areas of steel will need to be painted 
1o reduce the rate of corrosion. 

The anemometer cups should be 
free from obstructions which may 
cause local turbulence and the top 
bearing should be as near to the top 
of the spindle as possible. 

The anemometer cups can be made 
from tinplate material soldered into a 
cone shape or from tennis balls cut in 
half. A four-cup arrangement is easi- 
er to make and balance and uses all 
four halves of two tennis balls. 

If you wish to avoid the difficulty 
of making and balancing a set of 
anemometer cups you can use a 
ready-made plastic anemometer. 
They have been designed for road 
safety use but can be modified for 
measuring wind speed- 

The amount of wear on the bottom 
spindle bearing will depend on the 
weight of the anemometer cups and 
attachments. The spindle will require 
some form of thrust bearing to reduce 





Figure 2. Pulse generation. 
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friction. The simplest method is to 
file the bottom end of the spindle to a 
point. An alternative is to find a short 
tube which is a loose fit on to the 
spindle and use a single ball bearing 
as the thrust bearing. 

If you wish to avoid the problems 
of anemometer construction the pla: 
tic type is available at a low price — 
see shopping list. 

Production models tend to have a 
fair degree of friction. The main 
bearing consists of a single ball bear- 
ing in the top of the anemometer 
central mounting. The ball can easily 
be lost. Turn the anemometer upside 
down when separating the two parts. 
Area D is probably most in need of 
some sanding with fine emery paper, 
though areas A, B, and C may also 
require some attention. The tuned-up 
anemometer should revolve very free- 
ly with the slightest breath of air. 

The prototype was made by drilling 
a hole in the inner part, just above the 
annular ring D, and a 6.5V, 0.3A 
bulb was mounted inside the hollow 
centre. Six holes are drilled in the 
outer plastic part. The plastic is 
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slightly translucent and some opaque 
tape can be wrapped round the plastic 
to increase the light-blocking proper- 
ty of the areas between the holes. Any 
convenient method of mounting the 
photo-transistor can be used. 

The end of the photo-transistor 
acts like a lens, so that it is direction- 
al. Once aligned it will be unaffected 
by variations in ambient light level 
and the output of it varies between 
less than 0.2V when lit, and greater 
than 4.5У when unlit, and can thus be 
fed directly into the input port of a 
PIO or other device. 

The simplest circuit is that of figure 
six. The signal from the photo-tran- 
sistor is an analogue one varying lin- 
early with the amount of light falling 
on it. All such signals should be fed 
through a Schmitt buffer to remove 
the uncertainty of voltages between 
0.8V and 2.5V. Figure seven shows a 
Schmitt buffer circuit. 

To demonstrate its operation the 
pulse occurring in a given time can be 
counted with a Basic routine but Ba- 
sic is too slow for high wind veloci- 
ties. A machine code routine can be 
used to count the cycles (time) be- 
tween successive pulses, 


Figure 4. Spindle bearing. 
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Figure 5. 
Plastic type 
anemometer. 
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The addition of a flip-flop will 
halve the number of pulses but pro- 
vides an equal mark/space ratio giv- 
ing greater reliability to a Basic 
routine; also the machine code rou- 
tine could be required to count the 
time between input level changes. 


The in-built mechanical inertia of 
the anemometer removes the errors 
usually associated with instantaneous 
measurements of this type. The time 
between transitions in the input level 
will be directly proportional to wind 
speed. 
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Figure 6. 
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One method of calibrating the de- 
vice would be to take the whole set to 
а weather station, or airport and cali- 
brate it against a professional anemo- 
meter. 

An alternative method is to build 
the single chip pulse counter shown in 
figure eight. Find a long, straight 
section of private road and when 


there are no other road users about, 
and little or no wind, attach the ane- 
mometer to the roof rack of the car 
and travel at different speeds in both 
directions along the road. The porta- 
ble pulse counter is calibrated with an 
oscillator and then a graph plotted to 
show miles per hour against pulses 
per second. Reducing the size of C3 


to 1607 will increase the range to 0 to 
32Hz. 

In the next issue we will describe 
the construction of the wind direction 
indicator and provide some simple 
software. If you have suggestions or 
alternative ideas — either mechan- 
ical, electrical or software — please 
write to the editor. 





Figure 9: 
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TO INPUT PORT 








Figure 8: 0 to 16 HZ pulse counter. 
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difficulty. 


IHE MOST ESSENTIAL per- 
ipheral to the computer games 

I enthusiast is a joystick, essen- 
tially a bank of five or more switches 
— one for each direction and fire — 
which usually are configured to mim- 
ic specific keys on the computer key- 
board. There lies the problem. Which 
keys should the joystick mimic? The 
keys which move your laser base left 
and right in one game may do some- 
thing different in another, or even 
nothing at all. 

Some manufacturers have attempt- 
ed to overcome the problem by pro- 
ducing a joystick with a range of 
compatible software but again you 
are restricted only to their software, 
so having a joystick for all your 
games or other programs could be- 
come very costly. 

This simple project overcomes that 
difficulty by allowing you to specify 
which computer keys are mimiced by 
the joystick. To understand how the 
circuit — figure one — works, we 
need to know a little about how the 
Spectrum keyboard operates. Figure 
two shows a simplified version of the 
Spectrum keyboard circuit. 

It is a standard keyboard circuit 
arranged in a 5 х 8 matrix. All the five 
columns are pulled high by the pull- 
up resistors R1-5. Each time the mon- 
itor program scans the keyboard, 





Essent 


Ї 
іа 


simultaneously. To mimic the key- 
board all we need to do is to detect 
when A, and токо 80 low together 
and then over-write the keyboard 
data. КІ and DI form a discrete 
component OR gate — the reason for 
the discrete components is given later. 
А» and TORG are the inputs to that OR 
gate and the output is fed into the 
inputs of eight more OR gates, along 
with the eight row address lines A,- 
Ais. 


І peripherals 
specifies keys to be adapted 


Most joysticks are limited in their use by the amount of software specially written to be 
compatible with them. Corin Howitt shows how a simple project can help to overcome this 


Whenever a keyboard scan is 
made, the output of one of the eight 
OR gates will go low, indicating 
which keyboard row is being ad- 
dressed. A discrete OR gate is used to 
prevent a third OR gate IC package 
being used as there are four OR gates 
in each 74LS32 IC and nine OR gates 
are required. 

The output from the discrete OR 
gate is also taken to one of the two. 
enable inputs of 1063 a hex three-state 





Figure 4. 


Connector. 
Block. 


А14 A13 A12 AIT АТО Аз 


Rows (address) 


+۷۶۲ o 


74.832 





A8 OUT MID. INS. 





Columns (data) 


7415365 


ENB 











about every 20ms, lines А, and TORG 
go low. At the same time, one of the 
eight address lines A,-A,; goes low to 
address one of the eight rows. 

If a key is depressed when its corre- 
sponding row address line is low, the 
row line will sink the column resistor 
current and the corresponding col- 
umn line will go low, indicating which 
key has been pressed. The eight di- 
odes prevent the address lines from 
being shorted if two keys are pressed 
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buffer. Five of the six buffers аге 
used and their outputs are connected 
to data bus lines D;-D.. As page 160 
of the Spectrum manual indicates, 
those lines correspond to the key- 
board columns. Normally, those out- 
puts will be in a high impedance state 
but when a keyboard read takes place 
the state of the buffer inputs will be 
transferred to the data bus, over- 
writing any “real” keyboard data 
which may be present. 

Those lines normally will be high 
due to the pull-up action of R:-R, but 
if one of the eight OR gate outputs is 
connected, when it is low, to a buffer 
input via a joystick switch, the corre- 
sponding buffer output will go low, 
mimicking a depressed keyboard 
switch. There is a disadvantage. To 
over-write the keyboard data IC3 has 
to be a powerful chip, so you should 
be able to see that if 163 is over- 
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writing the keyboard continuously 
with highs, the keyboard will not 
work. That is the function of 1۰ 

When you need to use the keyboard 
SWI should be in position (a). That 
takes the second enable input to IC3 
high, causing all buffer outputs to go 
into a high impedance state so they 
cannot affect the keyboard. Placing 
SW in position (b) allows you to use 
the joystick. 

The eight outputs from the OR 
gates and the five inputs to the buff- 
ers are taken to a 13-way connecting 
ог ‘chocolate’ block. To choose 
which keys the joystick will mimic 
you must first select the key row — 
one of the eight OR outputs — and 
the key position in that row. You then 
connect the required joystick switch 
between those two points. 

For example, if you wanted the left 
direction switch on r joystick to 
correspond to the key on the 
Spectrum, you would determine that 
the “7” key is in row (a) and in 
position (b) in that row. That means 
you would connect the joystick switch 
between those two terminals on the 
13-way connector block. 

The project is built on a standard 
piece of Vero VQ board. Scribe a line 
using a sharp blade three holes up on 
one end of the board across the cop- 
per tracks. Using a small hammer, 
knock off that small piece along the 
edge of a table or bench. That leaves 
you with two holes from the bottom, 
allowing you to solder in the edge 
connector and the wiring. 

On the other end of the board, drill 
two 68۸ holes to fix the connecting 
block. Solder in the edge connector 
and bolt on the connecting block. 
Using figure three draw a wiring 
schedule for the circuit — see issue 1 
Latch Card article for an example of 
а wiring schedule. Solder the IC sock- 
ets first, then the discrete. com- 
ponents. Next, follow your wiring 
schedule and wire the circuit. The IC 
pin-outs are shown — with a sugges- 
ted pin-out for the connector block as 
figure four. Then wire in SWI and 
insert the ICs. Note that in the proto- 
type a 12-way connector block has 
been used and hence the inside switch 
position in each row is omitted. 








It is always worth spending time 
checking your work, especially 
around the edge connector, as mis- 
takes at that point could prove costly. 

Power-down the computer and 
connect the board, checking to see 
that 5۷۷۱ is in position (a). Re-apply 
power. The copyright message should 
appear as normal. If it does not, or 
any other fault appears, disconnect 
the power immediately and re-check 
your work. 

The first test you should perform is 
to press the keyboard. It should re- 
spond as normal. If it does not, try 
reversing 3۷۱۰ If the keyboard still 
does not work, disconnect the power 
and re-check your work. Once the 
keyboard works, reverse 35۷۷۱۰ The 
keyboard should become non-com- 








PARTS LIST 

1C1.2 741532 quad 2-input or 
IC3 7415365 hex 3-state buffer 
R1 4708 1۷۷ Carbon (E12) 
R2-6 100K 1W Carbon (E12) 

СТ  100nF Ceramic disc 


21 

28+ 28-way Spectrum edge connector 
13-way Connector block. IC sockets 
2 6BA Nuts and bolts. Vero VQ board. 
Connecting wire, solder. 





municative. Any switch-operated joy- 
stick such as the Atari or Commodore 
models will work with this board. The 
best way to discover the pin-out of a 
joystick is to test each pin pair me- 
thodically with a multimeter switched 
оп its resistance range. As an alterna- 
some manufacturers produce 
k chassis which can be wired to 












Figure 2. Spectrum Keyboard. 
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Figure 3. Component orientation. — —. —. — -Vero VQ track breaks. 
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BASIC PROGRAM has been 
А“ using a 16K ZX-81 to 

simulate logic devices and for 
a given circuit design to print-out a 
waveform or table of results. It can 
be used for initial design, analysis or 
fault-finding and the range of oper- 
ation is limited only by the memory 
available. 

The information is intended as a 
guide to permit users to produce their 
‘own programs for their particular cir- 
cuits. Details are given for device 
simulation and program operation to 
make it as simple as possible. 

Each logic device used must first be 
translated into Basic statements and 
figure one shows some common de- 
vices with their truth tables and согге- 
sponding Basic-derived statements. 

The method used is to identify the 
nodes of a device — input or output 
— and number them sequentially. 
Throughout the program, N has been 
used as the variable for a node. To 
enable clock waveforms to be pro- 
duced and also to differentiate be- 
tween positive- and negative-going 
clock edges, half-clock pulse periods 
have been chosen as the minimum 
time element. The half-clock period 
variable is denoted by T. An array is 
chosen DIM(N,T) which will store a 














Malcolm Farnsworth shows 
how a software project can 
be used to help in the design 
and analysis of add-ons 


time profile of all nodes used in the 
final circuit. 

As an example of a device, look at 
the NAND gate shown in figure one. 
The nodes have been identified as a 
and b for the inputs and с for the 
output. From the truth table it can be 
seen that for all input combinations 
except 11 the output c is 1. Therefore 
at time T line 1 will cater for all c 
outputs at 1, while line 2 simulates the 
conditions when с is 0. That approach 
has been used for all gates shown and 
can be extended to multiple input 
gates as required. 

Since flip-flops are clock-depen- 
dent they require a little more atten- 
tion and so let us look at the D type 
flip-flop. It is characterised by clock 
input a, data input b, pre-set e, clear f 
and the truth table is shown. Line 1 
tells the output at this time period to 
stay in the same state as in the pre- 
vious time period, i.e., no change. 

Reference to the truth table indi- 
cates that for a positive clock edge the 
output c will assume the state of the D 
input and line 2 reflects that state- 








Simulated circuits 
print-out waveforms 


ment. Lines 3 and 4 cover the clear 
and pre-set conditions while line 5 
would indicate the invalid state if 
required. The final line sets d to be 
the inverse of 

Similar Basic statements can be de- 
rived for a J-K flip-flop by reference 
to its truth table. The methods used 
for those bi-stables can be extended 
to shift registers and counters; an 
example of a binary counter is given. 
Other logic devices can be simulated 
by using a combination of the follow- 
ing methods. 

Figure one shows a circuit for 
which a program will be written to 
indicate a method of use and figure 
two shows the expected waveforms 
for a given input. 

First all the nodes of the circuit are 
numbered in logic sequence starting 
with the clock. Note that all common 
lines have the same number. Having 
decided the number of half-clock 
pulses T required — 12 for this cir- 
cuit, say — the information and the 
number of nodes N — six for this 
circuit — are input at lines 10 to 110 
of the program. Line 510 sets up the 
array used for storing all values of N 
and T and then sets the array to zero. 

It is then necessary to set up and 
initialise but, with all elements of the 














Figure 1. 
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array at 0, only elements which are at 
1 need be identified. At line 800 the 
clock waveform is set up with all even 
bits at 1 and line 1000 sets up the 
input wave form at node 2. 

On the first half-clock period — 
T1 — all nodes must be initialised 
and that will allow the program to 
run from T - 2 and not invalidate the 
Т-1 statements used. It has been 
assumed that all the bi-stables are re- 
set at time T — 1 and therefore node 6 
is the only node at 1 and that is 
declared in the initialising program at 
line 1500. 

Lines 2000 to 2110 input the node 
information derived from figure one 
Tor each device in turn, which is then 
looped round for the time period 2 to 
T. Note that some of the statements 
derived in figure three can be ignored, 
depending on the circuit configura- 
tion. In that case, since the bi-stables 
have been re-set initially, no re-set or 
pre-set information is required and 
no statement about Q is included, 
since it is not used. 

The five statements of figure three 
for the J-K flip-flop are therefore 








Figure 2. 



































reduced to three lines — 2060 to 2080. Eia. Tube نوس‎ DM NT, 
For the printout an option of wave- AND (741508 type) mabe 
form or table can be given as at lines 010 
4010 to 4030. To give an idea of what 1010 
сап be achieved, a circuit printout | * HEC ER 
option has also been given. The wave- е 
form printout is at line 5000, the table | 4 1. LET А(с,Т)=0 
listing at 6000, and the circuit at 7000. 2. IF Ala,T)=1 AND A(b,T)= 1 THEN LET А(с,1)-1 
After running the program an op- 
tion can be re-selected by СОТО | NANO (741800 type) atte 
4000, Note that the number of half- 1011 
clock periods to be selected have been | * 90|1 
limited to 29 — one screen width — e (зо 
but that can be extended by removing | p 1. LET Alc, T) 1 
2. IF А(а,Т) = 1 AND А(Ь,Т) = 1 THEN LET А(с,1)-0 


the conditions at lines 70 to 90 and 
adjusting the print waveform state- 
ments, Similarly for the print table, 
ап adjustment of the statements will 
be required for more than 29 nodes. = 

Since all the node and time infor- 
mation will have been stored, selected | 4 
node or time periods can be selected 
for printout, The printout is done in 
the SLOW mode but to save time, 
particularly on bigger circuits, a 
FAST statement may be needed. Al- | а 
though it may be possible to simplify 
the listings, to preserve clarity no 
attempt has been made. 





OR (741532 type) 


NOR (741502 type) 
































1 
AND А(Ь,Т) = 0 THEN LET Aíc,T) - 0 


able 
01/0 
1010 
оо |1 
2۰089 
1. LET A(c,T) - 0. 
2. 
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ННГ НЫ 
EXCLUSIVE ОН (74LS386 type) 
. 
с 1. LET Alc.T)=1 
2. IF Ala.T) = A(b,T) THEN LET Aíc,T) - 0 

b 
INVERTER (741.504 type) b 

011 1. LET Alb.T)=1 — Мал) 

110 
а b 
D TYPE FLIP-FLOP (74LS74 type) ef bile d 

01 яра б 

* unstable state 

$9223 1]. + positive clock edge 

11541119 ай outputs stay same 

11 х [а 4 

LET 1) 


3 
1 
i> 
с 
2 





























IF Аба. Т- 1) 0 AND Ala,T) = 1 THEN LET A(c,T) = Alb,T- 1) 
IF A(f,T) = 0 THEN LET A(c,T) =0 
IF А(е.Т) = 0 THEN LET Alc.T) = 1 
i. IF Ale;T) = 0 AND AÍf,T) = 0 THEN PRINT “ERROR” 
LET АФ) 1-Ает 
J-K FLIP-FLOP (741873 type) abre d. 
xx х [0 i 
b а 4 x don't care 
4 шка i Z negative clock edge 
2 сік ERU дага ад outputs stay same 
a 3 uen) ud: CC outputs both toggle 
c US -13116 © 
f 


1. LET A(d.T) = Ald, T — 1) 
2. IF Ala, T - 1)- 1 AND А(а.Т) - 0 AND Alb.T — 1) 1 AND A(c,T- 1)» 1 THEN LET A(d,T) = 1 - Ald,T- 1) 
3: —1)=1 AND A(a,T) =0 AND A(b.T — 1) = 1 — А(с,Т — 1) THEN LET A(d,T) = A(b,T 1) 





4. IF A(f.T)=0 THEN LET Ald, T) -۵ 
5. LET А(е,Т) = 1 - A(d,T) 














Figure3. Synchronous four-bit binary counter bot ایا مامت‎ 
7418161 о Јо [о [ооо 
- -type positive edge-triggered. 1 11|0|010|0 
2 |о {1 [о |о о 
з [11 јо јо јо 
а о [о |1 јо о 
اھ‎ [о |1 [о о 
8 јот іт јо јо 
7 [111 ٥ 
в јо јо јо [1 ا‎ ٥ 
э |1 [о јо |1 о 
10 [о | т јо [1 јо 
n [1 [1 [о |1 јо 
12 јо јо |1 |1 о 
33 |1 јо |1 |1 јо L— load Е – enable 
14 |0111111(0 C — clear RC — ripple carry 
15 [1[1[1[111 For normal counting Enable is at 1 




















For initialising Load is O and first positive clock sets b to e to values given by A to D. 


1. LET Alb.T) - Alb,T — 1) 
2. IF Ala,T- 1)=0 AND А(а,Т) = 1 THEN LET A(b,T)= 
3. LET Alc.T) - Alc,T — 1) 
4. IF Alb,T — 1)=1 AND Aíb.T) - 0 THEN LET A(c.T) 
LET Aíd,T) = Ald, T — 1) 

АМО Aíc.T) - 0 THEN LET A(d,T) - 1— (4.۲-1)ھ‎ 
8. ۱۶۸۵-٦ 


) 
АМО Aíd.T) = 0 THEN LET А(е,Т)= 1— Ale, T - 1) 
9. LET AÍf.T) - 0 
10. IF А(Ь,Т)= 1 AND А(с,Т) = 1 AND A(d,T) = 1 AND A (eT) = 1 THEN LET АЙЛ) 





-Alb,T- 1) 








Aíc;T- 1) 
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to 2110 — in a similar manner to the circuits can easily be added (о estab- 
example. After establishing the basic lish the circuit response. 
circuit, different waveforms or extra 


To introduce a reader’s circuit it 
will be necessary to include relevant 
statements in each section — lines 800 








1 REM WAVEFORMS MAY 1983 
REM BY M. FARNSWORTH 

18 PRINT “INPUT NUMBER OF CIRC 
UIT NODES: 62-08 HORE THEN NENE 
INE» 

20 INPUT N 

30 IF N>=2 THEN GOTO за 

40 GOTO ге 

50 PRINT پر‎ 

60 PRINT 

70 PRINT "INPUT NUMBER OF HALF 
CLOCK CYCLES (2 TO 29 THEN 
NENLINE >" 

ва INPUT T 

98 IF T>=2 яно T<=29 THEN GOTO 
пе 

100 сото ве 

110 PRINT T 

120 FOR Wei TO 7а 

138 NEXT M 

140 FAST 

158 CLS 

Зад-ВЕМ SET ARRAY TO 0 

518 DIM RCH,TO 

520 FOR Mel TUN 

530 FOR Үе! TO T 

548 LET ROG 90 

538 НЕХТ Y 

568 NEXT M 

808 REM CLOCK WAVEFORM 

819 FOR Ye2 TO T STEP 2 

820 LET ۰٣1 

838 NEXT Y 
1000 REM ОЯТА WAVEFORM 
1018 FOR Ye3 TO 6 
1020 LET AC2.¥ зеі 
1030 NEXT Y 
1500 REM INITIALISE 
1518 LET ACG, Del 
2800 REM 1/Р NUDES 
2010 FOR Ye2 TU T 
2020 LET ۸) 64ء(3,۷‎ 3۷-1 
20230-12-0 1,۷-1۰-0 AND [|1 
THEN LET RCS, Y mAC2, Y=1> 
зола LET ACA, YAA, Y-I 
2050 IF ACL, ү-1 279 AND ACL. Yet 
THEN LET ACH ү ACS, Y-15 





868 LET ACS) 15-95, Y-15. 
2070 IF ЯС1;ү-1 291 AND ("۷۱۰۷ و۔ز‎ 
AND ACI Ү-1 21 AND ЯС4,Ү-1781 TH 
EN LET ЯС5,Ү291-805.Ү-13 

гава IF ЯС1,У-1591 AND ACL, ¥ 290 
AND АСЗ, Y-1981-8C4, Y-1) THEN LET 
ACS, YA 2۷-11 

2098 LET ВС6,үэе1 

2100 IF RC, 61 AND رسرب ۷۸م‎ TH 
EN LET ACE, ¥ 290 

2110 NEXT Y 

ова SLOW 

48010 PRINT "1 PRINT WAVEFORM” 
4828 PRINT "2 PRINT TABLE" 

4030 PRINT "2 PRINT CIRCUIT” 
4048 PRINT 

4050 PRINT "INPUT 1,2,0R 3 THEN 
NEWLINE” 

4060 INPUT B 

4065 CLS 


4070 IF веі THEN GOTO 500% 
4880 IF 8-2 THEN GOTO وووت‎ 
4090 IF вез THEN СОТО 7000 
4100 сото 4816 

5000 REM PRINT HRVEFURM 

5810 LET AS*"N Т1234567890123456 
7830123456789" 

5820 PRINT وم‎ то Te35 

5838 FOR хө! TO N 

PRINT Xs TRB 3; 

FOR Үе! TO T 

LET PeROG YS 

IF ودم‎ THEN PRINT "(o6)"; 
ЇР Pei THEN PRINT "(97)"; 
NEXT Y 

PRINT 

PRINT 

NEXT X 

STOP 

REM PRINT TABLE 

2018 LET R""T ۸123456769012945 
7890123456789" 

6828 PRINT ASci TO N35 

6838 FOR Y«l TO T 

6848 PRINT Y;TRB з; 

6858 FOR X=! TO н 

6868 PRINT ROG رر‎ 


ЕНЕН 


6878 NEXT پر‎ 
ава PRINT 

6098 NEXT Y 

6188 STOP 

тава REM PRINT CIRCUIT 

7810 LET ۹ 

тага LET хөд. 

теза GOSUB 7580 

7848 LET хөө. 

таза GOSUB 7596 

това LET 6ڑ‎ 

7878 LET 3 

7060-COSUB 7600 

7690 LET Хе23 

7108 GOSUE 7708 

7110 PRINT AT 16,2, "2" 

7190 PRINT AT 16,9; "3" 

7138 STOP 

7500 REM SYMBOL ROUTINE 

7510 PRINT RT Y,M,"(2fsP مو‎ ip^ 
"E 

7520 PRINT AT Yel; "--( radit 
44 ›—” 

7530 PRINT RT Ye2,Mi"1-C 1> 20 
вэ" 

7540 PRINT RT Y«3,N) саар ата» 
7550 PRINT AT Y«4,M)"C2YsP مور‎ 1 
сар" 

7568 RETURN 

7680 PRINT RT Y.) "© авар مسر‎ >" 
7610 PRINT RT Үе1,5)"3-с13 харгы. 
a 

7620 PRINT ӨТ Y*2,N)"1-4 1€ 2818 
TE30-PRINT AT Y+, "4-С ik tap 











7640 PRINT RT Y«4,M)"C2YsP مور‎ 1 
с isp >" 

7650 RETURN 

7798 PRINT AT Ү.М/"С2жар اج مو رز‎ 
7710 PRINT RT Y*1,Xi"S-C 318p 2 
7728 PRINT AT Y«2,4; +6 مور موی‎ t 
4:90: 0-6" 

7738 PRINT RT ү+3,Х:"4- 
7748 PRINT ЯТ Y^4,X; "+309 : 3۴90 
= 

7750 RETURN 





"> می۴ 











means inverse and the letter “е” means graphic. The ‘sp’ marker means space. For instance 6*g4 would mean that six of the 
graphic character 3 on the “4 key should be entered. The marker ‘isp’ means inverse space, which is а black square. 








All graphic instructions are put into brackets within quotation marks to separate them from ordinary print. The letter ʻi’ 
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Expanding the alarm 
system to suit 
your requirements 


Corin Howitt describes two projects, both hardware and software, which can be added to the 


ERE ARE TWO add-ons to 

trolled burglar alarm to pro- 
tect your home described in the last 
issue. The first is a program illustrat- 
ing how to develop software for the 
alarm system and the various func- 
tions which can be realised. The зес- 
ond is a hardware design to improve 
the back-up alarm monitoring for 
when the alarm is off or otherwise 
occupied. 

The program, shown as listing one, 
will monitor the input lines of the 
alarm for either a 1 or 0 as defined by 
you and will produce an alarm if an 
error is detected. You can also in- 
struct the program to ignore one or 
more input lines so that you can 
switch each line in or out of the 








таўог article in the last issue 


system. Further, the program will 
generate а 30-second delay on exit 
and re-entry — both delays are ad- 
justable independently — and will 
ignore an alarm being generated on 
any lines within the entry/exit route. 

The program works by inputting 
information from the user and stor- 
ing the information in eight element 
arrays, corresponding to the eight 
data lines, The first four lines initia- 


RANTS, input NAND 
ت6ا‎ – quad two: 

01,2 -001 

812. —10kü JW carbon (E12) 

RI -82ка JW carbon (E12) 

С -447 63V Бө! 

— 100nF ceramic disc 

IC Socket 14-pin 

Veroboard (10S » 24H) 

Veropins (6), 











Sticky pad, Solder, Wire, etc. 


lise those arrays, make the keys bleep, 
and set the screen colours. The latter 
two can, of course, be changed, 
Next follows a series of FOR- 
NEXT loops. The first, starting at 
line 50, requests whether a line should 
be NO or NC. If the line is to be NC, 
the value on the line should be a 1 and 
а І is stored into the corrésponding 
element in the array n. The next 
prompt is for the value which will be 
Written to the output port when an 
alarm is required; that number is held 
as the variable out. You are then 
requested to enter the numbers of the 
lines on the entry/exit route. “Enter 
as a sequence;" means that if, for 
example, you required lines 0,3,5 and 
7 to be on the entry/exit route, you 
would enter 0357. That input string is 








Figure 1 
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then sliced Бу a FOR-NEXT loop and 
15 are written to the elements of the 
array d which correspond to these 
lines. 

The next loop asks you which input 
lines should be monitored at all. 
Pressing ENTER in response to th 
prompts is the same as pressing “п” 
followed by ENTER, as the program 
tests only for a “У”. Again, where a 
line should be monitored, а І is writ- 
ten into the corresponding array ele- 
ment of the array m. The program 











then has all the information it re- 
quires to operate. 

The following lines poll the key- 
board for an “5”. When an “5” is 
detected, the exit delay is started. The 
delay is controlled by a FOR-NEXT 
variable І and can be changed to alter 
the delay time. On each loop a sub- 
routine at line 5000 is called. That 
routine reads the input port and 
places the binary value of each line 
into an element in the array a. 

On return, the loop between lines 





220 and 240 tests each value. If line 
230 detects a fault on a line which is 
not on the entry/exit route, an alarm 
will be generated. Once the delay has 
finished, the program moves into the 
main polling routine. That is a con- 
tinuous loop which reads the input 
port — subroutine 5000 — and tests 
the lines which should be monitored 
for a fault condition. 

If a fault is detected, the program 
jumps to line 300 — the entry delay. 
The entry delay works in exactly the 
same way as the exit delay, using the 
same control variable (1). If the pro- 
gram is not stopped during that de- 
lay, or if a line outside the entry/exit 
route is operated, an alarm is generat- 
ed by lines 6000-6010. 

You should have realised that the 
program contains few refinements, 
such as error-trapping routines for 
the data-input stages. That is left to 
you and we would be interested to 
hear of any routines you have de- 
vised. 

The hardware device increases the 
flexibility of the back-up monitoring. 
Using the board, you can monitor 
one NC line and one NO line, as 
opposed to two NO lines. Further, 
the device filters those signals to 
eliminate any transients which could 
cause a false alarm. 
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Figure 2. 
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Looking at the circuit — figure one 
— you can see that the device works 


around ІСІ, а 74LS00 quad two- 
input NAND gate IC. The inputs to 
gate (a) are both held high, one by a 
NC switch chain, the other by RZ. In 
that state, the NAND gate output is 
low, causing the final output to be 
low. If any switch is operated, the 
output of gate (a) goes high, causing 
СІ to charge via D2 and R3. 

If the output of gate (a) remains 
high for long enough — about 0.5 
seconds — the voltage at the input of 
gate (b) will rise above the switching 
voltage and the final output will go 
high, causing an alarm. If, however, 
gate (a) output goes high for less than 


0.5 second, gate (b) will not switch 
and no alarm will be generated. D1 
provides a rapid-discharge path for 
СІ, so that only an incredibly severe 
series of transients will break through 
the filter to cause an alarm. 

The circuit is built on a small piece 
of Veroboard — 10S x 24H. A layout 
diagram is shown in figure two. First 
solder in the IC socket. Then proceed 
to solder all discrete components and 
the five Veropins. Finally, insert ІСІ 
and check your work thoroughly. The 
original burglar alarm layout diagram 
is reproduced as figure three with 
details of where to connect the five 
flying-leads, labelled EBA to EBE. 
The functions of those connections 






































are shown in the circuit diagram. 
Note that there are two breaks to be 
made in the leads of D1 and D2 on 
the main board. 

The add-on board has been de- 
signed so that there is space for a 
sticky-pad to attach the add-on to the 
main board. The recommended fixing 
position is shown in figure three. 

Finally, here is the address omitted 
from the last issue: ADE Security, 
217 Warbreck Moor, Aintree, Liver- 
pool, Merseyside L9 ОНО. The com- 
pany will provide a comprehensive 
catalogue of security devices free if 
you send a large SAE. 














18 REM ALARM CONTROL PROGRAM 


20 DIM mB) DIM пса», DIM «КӨ 
` 

28 POKE 23609,255 

49 BORDER Ø: PAPER @ INK 7: С 


Ls 
50 FOR a=@ TO ?: 
@ "sas" no or nc?" 


PRINT "Is lin 


60 INPUT “Enter 'o' or “с” رہ‎ 
LINE ай 

70 IF a®e"c" THEN LET пСа+1 ed 

НӘ PRINT "Line "jas" is ۰ز"‎ 
МЕМТ з 


90 PAUSE 200: CLS 
100 INPUT "Value at outPut Port 


190 IF INKE'Y#<>"s" THEN GO ТО 1 
за 


200 PRINT FLASH 1)"Delay starte 


d-leave Premises" 


218 FOR 1-1 TO 62: GO SUB 5000 
220 FOR 4-1 TU в 
238 IF 0سز( و۸‎ AND n(42€»a(4» TH 


EN GO TO вада 


240 NEXT 4: NEXT 1 
258 CLS ' PRINT “Main moniter 1 


ooP" 


268 GO SUB 6 


27@>FOR 4-1 TO 8 





280 ІГ мса 2-1 AND пся зза; TH 
EN GO TO 368 


on alarm 7T "jout 
110 PRINT "Which lines on еп/ех 





route 7". INPUT "Enter as seque 290 NEXT 4: GO TO 260 

nce'", LINE a$ 300 CLS : PRINT “Entry delay уп 
129 FOR 271 ТО LEN af: LET «сун oPeration": FOR 1-1 TO 63, GO S 
L a*a241271 UB 6 


1305PRINT "Line "iasad" on em 
vex route."' NEXT a 

14G>PAUSE 200: CLS FOR з 
7: PRINT "Monitor Line "; 
150 INPUT "Enter ч or п: 
E s$ 

i60 IF s-"sg" THEM LET m(s*1571 
» PRINT "Line "sai" will be moni 
ered" 


310 FOR 4-1 TO G: IF зд AND 
n69<>a09> THEN GO TO 6ء‎ 

TO 320 NEXT 4: NEXT 1: GO ТО ٥ 
T7" 5000 LET n*IN 65503 

LIN 5010 DIM a¢B> 

5020 FOR сеї TO ت‎ 

5038 LET aCcO-n-2XINT (n^2» 
5040 LET n-INT (n^2» 

5050 NEXT c: RETURN 











176 NEXT з' PAUSE 200 0686 CLS : PRINT FLASH 1;"RLRRM 
180 CLS : PRINT "Press 's' to s SOUND" 
tart ex. delay" 6816 OUT 655983, 0ut: STOP 
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E 
ЗАЎЕіпе a lot of 


trouble in LOADing 


AVE YOU a ZX-81 loading 
Н: After all the advice 
are you still having difficul- 
ties? There is one area which appears 
to have attracted little attention but 
which I believe is nevertheless fairly 
widespread. That belief lies in reading 
between the lines of readers' letters. 
May І suggest that this is really a 
SAVEing problem and is associated 
with certain makes of cassette record- 
er. It was one I encountered some 15 
months ago when | bought a new 
cassette recorder after my old one, 
which had worked perfectly with both 
ZX-81 and ZX-80, gave up the ghost. 
Nowadays it is the usual practice to 
manufacture portable cassette record- 
ers featuring automatic gain control 
for recording, as most people find 
that is more convenient to use than а 
manually-adjusted control and it 
eliminates the necessity of a VU re- 
cording meter, thus keeping down the 
cost of and simplifying manufacture. 
There is, however, a price to pay. 
Nothing is ever perfect and because 
of that differing types of AGC appear 
on different machines. There are two 
important factors to consider, the re- 
sponse or attack time and the recov- 
ery or release time of the AGC. The 
response time is the time the circuit 
takes to respond to the incoming sig- 
nal level and adjust it to the correct 
level for recording. The recovery time 
is the period needed by the AGC to 
return the circuit to its full sensitivity. 
In the five-second period of silence 
which precedes the program when 
SAVEing with the ZX-81, the AGC 
can regain its full sensitivity; conse- 
quently the one millivolt program sig- 
nal from the ZX-81 may be five times 
too great and although the response 
time may be only a few milliseconds, 
the first fraction of the signal is re- 
corded at far too high a level. 
The AGC then reduces the signal 
level to its optimum level for the 








Charles Rowbotham believes 
many of the difficulties in 
loading on the ZX-81 are the 
result of recorders having 
automatic gain controls. 


remainder of the recording and that 
level may vary from program to pro- 
gram. 

When recording speech or music 
that does not matter a great deal but 
for the ZX-81 the consequence can be 
disastrous. Оп LOADing the pro- 
gram, the early tape signal may be 
clipped or distorted, leading to infor- 
mation degradation. The correct part 
of the tape may produce a signal too 
low for successful loading. No matter 
how carefully the volume control is 
adjusted, the discrepancy between the 
two signal levels is too great for the 
ZX-81 for which, according to Sin- 
clair Research, the signal should lie 
between 1V and 2.5V peak, with 2V 
peak as the optimum for successful 
LOADing. 


‘COMPONENTS LIST 
One 3.5mm Jack socket 
One 3.5mm Jack plug 


'12in. approx. Single-screen cable, 2 or 3mm| 
[Опе metal box — used tobacco tin or similar| 
Approx. cost, excluding box, £1.10. 





That situation is bad enough but 
even worse things may happen, as 
with some recorders the AGC over- 
compensates and swings too far the 
opposite way and may even hunt 
about during the entire recording. 
Such a tape is almost impossible to 
load. 

To check whether your recordings 
are faulty, listen carefully to a tape. If 
the sound level drops after the first 
fraction of a second you have a prob- 
lem; if the sound level of the tape 
alters throughout the main part of the 
program as well, you have an even 
bigger one. 

The effect is evident even more 
dramatically if you connect up a suit- 
able AC meter or meter-type loading 
aid to the tape recorder as the vari- 
ation in signal level is indicated by 
swinging of the meter needle. An even 
better method is to use a ZX loading 
aid which, instead of integrating the 
tape signal, indicates peak voltage 
levels and, because it has no mechan- 
ical inertia, gives a much more rapid 
response. 

An irregular flashing of the green 
and amber light-emitting diodes will 
be evident, no matter how carefully 
the volume control is adjusted. Hear- 
ing is a logarithmic function, whereas 
metering is а linear function; a dou- 
bling of the signal is only just about 





Figure 1. Loading Aid 









From ZX-81 
mike socket 
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detectable (о the human ear. Any 
signal variation therefore is much 
more evident when looking at a ZX 
loading aid or at a meter. 

Can anything be done to cure the 
problem? Take heart, the remedy is 
simple and inexpensive. All one has 
to do is to arrange matters so that the 
AGC is rendered largely inoperative 
by attenuating the signal from the 
ZX-81 so that the recording circuit is 
working at maximum or near maxi- 
mum sensitivity, 

To do that the simple circuit shown 
in figure one is all that is required. A 
2.2K linear potentiometer is connect- 
ed via а 3.5mm. jack socket and 
screened lead to the MIC socket of 
the ZX-81. The centre arm of the 
potentiometer is connected via a simi- 
lar lead and a 3.5mm. jack plug to the 
MIC socket of the cassette recorder. 
The potentiometer is housed in a met- 
al box — an old tobacco tin is ideal — 
to screen the unit and avoid picki 
up mains hum and other electrical 
interference. 

The method of construction is 
shown in figure two. Drill a hole in 
the centre of the base of the tin 
0.375in. or 9.5mm. in diameter. In 
the centre of one end of the box, drill 
а hole for the jack socket; the hole 
need be about jin. in diameter but its 
exact size will depend on the type of 
jack socket you possess. 

At the opposite end of the box, 
drill a hole large enough to pass the 
Screened wire; use of a rubber gromet 
will prevent the tin cutting into the 
wire. Fix the potentiometer into the 
hole in the base of the tin and the jack 
socket into the lin. hole. Cut off 
about 3in. of screened wire and solder 
one end of the remaining 9in. to the 
jack plug, the braid of the wire to the 
side tag and the centre wire to the 
centre tag; screw on the plug body 
and pass the free end of the wire 
through the hole in the box and tie a 
knot in it about 2in. from the end. 

Solder the braid of that wire and 
the braid of the short piece of wire to 
tag C — figure two — of the potenti- 
ometer; solder the insulated end of 
the plug wire to tag B and the centre 
wire of the short length to tag A. 
Complete the connections by solder- 








Figure 2. View of inside of box. 




















ing the free end to the jack socket — 
braid to the side tag and centre to end 
tag. 

If the jack socket is an insulated 
type, solder a wire from side tag to tin 
box. Replace the box lid, turn upside 
down and cut the spindle to the cor- 
rect length, then fix the knob. 

Connect the box between the ZX- 
81 and your cassette recorder and 
enter a program into your ZX-81. 
Turn the potentiometer knob fully 
anti-clockwise and adjust the volume 
control of the recorder so that, under 
normal conditions, it is at a comfort- 
able listening level. 

Disconnect the plug from the ear 
socket of the recorder so that you wil 
be able to hear the program while it is 
being SAVEd; then SAVE the pro- 
gram in the usual way. While the 
program is being SAVEd, turn the 
potentiometer knób slowly in a clock- 
wise direction until you can just hear 
the program in the cassette speaker; 
then slowly and carefully continue to 
turn the knob until the sound from 
the speaker does not become louder; 
mark the position of the pointer and 
repeat the exercise until you are sure 
of the correct pointer position. 

Mark that indelibly, as that is the 
correct adjustment for the potentiom- 
eter for all future recordings of your 








ZX-81 programs. The AGC circuit is 
then giving maximum gain and there- 
fore there will be no signal voltage 
surge after the five-second silent lead- 
in to the program and the program 
will record at а steady level through- 
out, giving a well-modulated tape 
which can be checked as described. 

As an added bonus there will be 
less noise on the silent lead-in, thus 
eliminating another cause of LOAD- 
ing failure. 

Should your cassette player be a 
type which does not allow you to 
listen while recording but has a VU 
level meter, use that to find the cor- 
rect potentiometer setting and turn up 
the knob slowly until the meter needle 
goes no higher. 

If neither possibility exists you will 
need to make a graduated scale for 
the potentiometer knob and make a 
series of short recordings at different 
settings close together on the pointer 
scale, making a note of each setting. 
Re-wind the tape and listen to it; 
when the point is reached where the 
sound is at a maximum, refer to your 
notes and mark the scale where that 
occurs. 

Should you have difficulty of the 
type described with your Spectrum, 
you will find the device equally effec- 
tive. 
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HERE IS a list of suppliers for difficult-to-obtain items 
been used in projects. 


which have 


7418133 IC as used in the Latch Card project. 


MS Components Ltd 
Ambit International 
Watford Electronics. 


PCB mounting 3.5mm. jack sockets as used in the Central Heating 
Controller project. 


MS Components Ltd 





Edge connectors 23-way for ZX-81 and 
28-way for Spectrum. 
Innovonics 


Extender cards for fitting to rear of edge connector to allow stacking 
add-ons, 
23-way for ZX-81 
28-way for Spectrum 
Innovonics. 


ZXTONGUE 
SPECTONGUE 





c е 
ve Errors and mishaps 


August/September, page 13 column 2, 
should be 01234567. 

Cassette control, page 16, column 2, fourth line from 
bottom should read “а line such as хххх OUT 63, 128: 
MERGE". 

Prowler, page 20. Figure 3 should be figure 2 and 
labelled battery compartment. Motor supply leads should 
be labelled ‘Negative black wire, Positive red wire". Page 
21, figure 2, should be figure 3, and labelled “plan view of 
hull". Page 23, figure 6. Look at figure with Vero tracks 
running right to left and “front” at left, then add the 
following. SK3 pin 1 is at bottom right, SK! pin І is at top 
left, SK2 рїп Lis at top left. The unlabelled arrow by ІСІ is 
“с”. D by RPI should be Dy. The bottom end of RP1 is 
the indexed end. The two outer links at either side of RLI 
should stop one row lower down on a level with the relay 
pins, and the track break by the left-hand link should also 
be moved down one row. 

Burglar Alarm, page 28, figure 2. The RD connection 
above IORQ should be WR. Page 30 figure І. The 
unlabelled connection between A; and RD should be WR. 

Real-time clock, page 34, figure 1. On some copies the 


figures under y 


Project buyers’ guide 


۸۷۰3-8910 Sound Chip 


Cricklewood Electronics 
Watford Electronics 


Weather Station anemometer 
Ribbon cable 
DIL headers 


Innovonics 





MS Components Ltd, Zephyr House, Waring Street, West Norwood, 
London SE27. Tel: 01-670 4466. 


Ambit International, 200 North Service Road, Brentwood, Essex 
Tel: 0277-230909. 


Watford Electronics, 33-34 Cardiff Road, Watford, Herts 
Tel: 0923-40588. 


Innovonics, 147 Upland Road, East Dulwich, London 5627; 


Cricklewood Electronics Ltd, 40 Cricklewood Broadway, London 
NWZ2 ЗЕТ. Tel: 01-452 0161 


connections to XTAL1 have disappeared into the fold of 
the magazine. XTALI is connected between CRYS(a) and 
CRYS(b). Page 39, figure 7. The top left-hand pin by ‘al’ 
is “pin 17. The links to address the board at 65055 were 
omitted link, pins 2 and 3, pins 5 and 6, pins 8 and 9, pins 
11 and 12, pins 14 and 15. 

Circuit layout, page 43. Figure 4 resistors should be 
figure 4a resistors and the other unnumbered figure should 
be figure 4b capacitors. Page 44, figure 7. The BD939 
transistor should be a BD131. Page 45, column 3, para- 
graph 2, TTC should be TTL. Page 45, figure 8. The 'd' by 
TR3 should be “с”. The omitted lead labelling of TR. is the 
same as for TR,. C, is soldered on the underside of the 
board. 





JUNE/JULY 

Sound Generator, page 24. Some people have had 
difficulty making the project work. One reason is the weak 
signal level of the issue one Spectrum clock. In the next 
issue of Sinclair Projects we will publish some modifica- 
tions to the board overcoming the problem and also giving 
access to the AY-3-8910 ports. 
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Edge Connector signal allocation 
BOTTOM SPECTRUM TOP 
ёй вотом 2 Х-8 1 то» 
Ov Ov 
Ov Ov 
а ОВОСЕ ш A" « 
50555 As 
RESET As 
ROMCS ROMCS 
BUSAK 
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WATFORD ELECTRONICS 


33/35 CARDIFF ROAD, WATFORD, Herts, England 
Tel: Watford (0923) 40588/37774 .Теіех: 8956095 WAELEC 


BBC MICROCOMPUTER 


BBC Model А - £260 
BBC Model В - £346 


Upgrade your Model A with our 
Upgrade Kits and save yourself £ s s s 


8863 Dis 
BBCA Ani 


Complete Mod. A to B Upgrade Kit 


Dust Cover for BBC Micro 


е Micro from foreign 


DISC DRIVES (CUMANA) 
BBC COMPATIBLE 


Ф Now TEAC Slimline Uncased Drive S/S 40. 
track. 54°, 100K £135 
Ф Now TEAC Slimline Cased without PSU. 
S/S, 40 track, 517 100K е 

9 CS50A - TEAC 

2 à 


5/5.40 track, 54". 2 
$ ©550Е TEAC Single Cased with own PSU 


8 сова ^ TEAC Twin Cased with own PSU. 
D/S; 80 track, 517. 400K £475 
$ ©550Р — TEAC Single Cased with own PSU 
D/S; 80 track, 53 

9 CDBOF TEAC Twin Cased with own Pau 
D/S, ВО маск. 5 800K £599 
© MITSUBISHI Slimline - Uncased. double 
density. Double 5j". 1 Megabytes, track 
density 96TPI, track to track access time ImSec 
Plugs directly to BBC Micro, ONLY £220 
SINGLE MITSUBISHI Slimline - Cased 
шир own PSU, 08/00, 1 Megabytes 4006 with 


Ф TWIN MITSUBISHI Siimiine Cased with 
‘own PSU, DS/DD, 2 Megabytes. (800K with 
BBC) 

9 Single Drive Cable for BBC Micro 

© Twin Drive Cable for BBC Micro 





5j" DISKETTES 


PLASTIC LIBRARY CASES 
for Disc Storage 


© зу (holds 10) £2 
© 8 тоос £2.90 


BBC GP100A 


PRINTER 


ONLY £175 (£7 carr) 


SEIKOSHA GP250x: 


10" Tractor Feed, 8 


buzzer, 


ONLY £235 (£7 сат) 


INTERFACE CABLE 


DUST COVERS 


For SEIKOSHA GP8O 
For SEIKOSHA GP100/250 


FRICTION FEED 
ATTACHMENT 


For SEIKOSHA GP10 £22 

Spare 81 £4.50 
£495 
£5.95 


SEIKOSHA GP-700 


The Colour Printer that has 
broken all price barriers 
A 7 colour graph; 


Tractor or Friction feed. Centronix interface 
standard 

ONLY £399 
GP-700 Colour Printer Screen-dump routine in 
ROM FOR BBC Micro е 





EPSON PRINTERS 


Epson RX80 


100 CPS, 9 x 9 matrix, dot addressable graphics, 


ONLY £388 (£7 carr.) 


INTERFACES RX & FX 
PRINTERS 


plus 2K Buffer 


Dust Covers 
£4.50 
£5.25 
£4.95 
£4.50 


Ribbons 


£4.75 
£10.00 
£4.75 
£4.75 


JUKI 6100 DAISYWHEEL 
PRINTER 


features. Diablo 
2K buffer standard; c 
Micro 

A bargain at £385 (£7 carr.) 


BROTHER 8300 DAISY 
WHEEL PRINTER/TYPEWRITER 


ribbons, portable: hard top cover with caring 
handle, con то BBC Micro 


ONLY £395 (£7 carr) 





ONE STOP 
SHOP 


BEEB SPEECH 
SYNTHESISER 


VERSATILE SPEECH SYNTHESISER 
UNIT FOR THE BBC 
MICROCOMPUTER 
Watford Electronics very own Speech System 
Specially designed so tat even a novice can 
make his BBC talk 
SIMPLY the best! — An unlimited speech 
synthesis system, Complete with 
etsy to-follow manual. Controlling software 
s in ROM so no Cassette Loading 
PHONEMES for word synthesis - That means 
xd vocabulary! No extra speech 
onary chips to buy! 
iran of approximately 500 words v 
ENGLISH accent ~ Un 
to produce highly comprehensible apeach 
EASY о ve system ~ Just plug the software 
ROM inio а socket. the Speech unir 
the Usor Port and away you go! No 
alited "dealer upgrade. required 
COMPACT unit - The whole system is built Into 
а small case Y tucked behind the 
Computer. Auxiliary output socket provided 
HOURS ot fu 
Games, t 


Wa kn 
DONT BE LEFT SPEECHLESS! Order 


“Знаў Only £39 


TEX EPROM ERASERS 


* New Broom for EPROMS + 


ЕРВОМк need careful treatment to survive their 
‘expected lifetime. Rushing it could burn their 
brains out. So cop-out of this helter-skelter 
world: take it easy the TEX way and give your 
hips а well earned break, Cool, gentie and 
affordable: EPROMPT does it properly 

Two versions available 

Ф EPROMPT EB - The standard version 
Erases up to 16 chips £32.00 

 ЕРНОМРТ GT ~ Erasos up го 32 chips. Has 
ап incorporated safety switch which 
Automatically switches off the UV lamp when the 
Eraser is opened. £37.00. 


TEXTIME 
(SOLID STATE ELECTRONIC TIMER) 


EPROM Erasers need just half an hour to finish 
their job. It is the proper erase time for ай 
EPROMs, While the Eraser is busy you may take 
{break but not for too long without our TIMER 
On the job. Over erasing can shorten data 
storage time, TEXTIMER will remember to switch 
off the lamp and your chips will forget nothing 
new. TEXTIMER will pay for itself in no time. 


ONLY £15.00 


GAMES SOFTWARE 
( PROGRAM POWER) 


ADVENTURE £6.95 
ALIEN DESTROYER БЕЯ 
ANDEROID ATTACK (C.Concept) — £898 

HESS £6.95 

OWBOY SHOOTOUT £5.95 
CROACKER £695 
ELDORADO GOLD. £5.95 
Escape fom Moonbase ALPHA —— £898 
GALACTIC INTRUDER £6.95 
GALACTIC COMMANDER £6.95 
MEER GORILLA y вэ 

ER СОММАМ 

MUNCHYMAN £5.35 
MASTERMIND 35ء‎ 
MOONRAIDER £6.95 
MICRO BUDGET £7.95 
ROULETTE Erj 
SPACE MAZE £655 
SWOOP £6.95 
БЕЕК £5.95 
TIMÉTREK 1535 








LEVEL 9 ADVENTURE GAMES 
COLOSSAL ADVENTURE. The classic 
mainframe game “Adventur” with all the 
original treasures and creates + 70 extra 
rooms. 

£8.65 
ADVENTURE QUEST. Through forest 
mountains. desert, caves, water, fire, moorland 
and swamp on ап epic quest vs tyranny, 

£8.50 
DUNGEON ADVENTURE. The vast dungeons 
‘of the Demon Lord have survived his fall. Can 
You get to their treasure first 

£8.50 


EDUCATION Software 


JUNIOR MATHS PACK (32K) £6.95 
Makes leaming fun for 5-11 year olds. This 
Jackage consists of 3 programs (menu driven) 
that increase in difficulty as your child becomes 
competent. А very good supplement to 
Standard educational methods. 

WHERE? £6.95 
Do you know WHERE? you are? This wel 
written program, using high resolution graphics 
fers timed tests on the geography of Great 
8 


WORLD GEOGRAPHY (32K) £7.00 
'autifully drawn Hi-Res colour map of the 
wond illustrates and aids this graded series of 
tests on capital cities and populations of th 
world 
WORDHANG £7.80 
Age 7-13). А word guessing program based 
оп the well known Hangman game. Uses full 

ics Complete with 260 words 

ty save your own list of words. 
WORLDWISE £7.80 
(Age 7-15. Two constructive geography 
programs allowing children to build detailed 
бата bases covering both the UK and the 


ANIMAL/VEGETABLE/MINERAL 
Age 7-131. Provides an opportunity for 
differentiate between objects. The program 
tries to guess the object the child has 
Мата... Lam ное. 
BRITISH GEOGRAPHY £6.95 
ches а child the locations of Cities and 
Ports using directional keys. 
CAROUSEL £5.50 
d at junior school age. Sequences of 
е 


£4.95 


WAPPY NUMBERS £7.80 
4-6). No reading skills are required to 

Use this colour graphics number recognition 
unting program. Children build patterns 
vers corresponding to figures. qucky 

learning their sign 

INTRO TO ARITHMETIC 

4 programs — Additions, subtractions, 

‘multiplications and divisions. Help stage. 

moving graphics and colours. Worksheet 

produced at the end of program. (5-7 years. 


ie 
WAITING £5.50 
Full screen demonstration of correct formation 
of lower case alphabetic characters. Several 
choice of sequence (5-7 years 


£10.45 


PLINTH FOR BBC MICRO 
Protect your micro from the weight of the heavy 
TV/Monitor This sturdy plinth is attractively 
finished in BBC colour. It сап be used to support 


8 monitor or a printer. The micro slides 
underneath comfortably. A must for every BBC 
Micro owner. specially for those who have 1o 
move/open their computer frequently 

Price: £11.95 (carr. £1.50) 





PLINTH FOR PRINTERS 


Keeps your desk tidy. Place t 
plinth and the paper underneath. Finished in 
BBC colour 


£11.95 (carr. £1.50) 


CORONA SOFTWARE 
Highly acclaimed at the 
BBC Micro User Exhibition 


GEOGRAPHY - FRANCE £5.50 
GEOGRAPHY - GERMANY £5.50 
GEOGRAPHY - SPAIN £5.50 
GEOGRAPHY - ITALY £5.50 
(for Disc based software please aud £2.75 10 
the above prices) 
These separate packages teach basic 
geography of each country — seas, rivers, 
towns and mountains. There 
which allow for some ар 

for good results. t utilises BBC's Colour, 
Graphics and Sound facilities The haly 
package consists of two programs- 
MATHS TRANSLATIONS (Age 9-19уга) 
This package explains how to translate. 
Triangles and Quadriiaterais, moving these 
geometrical shapes on а grid. It goes step by 
Step through the concepts and the matrix 
Calculations involved. Excellent software. 

£5.50 


* COMING SOON ж 
DISC-FIX ROM 


This ROM is an integrated, menu-driven DISC 
MAINTENANCE PACKAGE Using simple menu 
selections, with intelligible prompts for any input 
required, the user can recover data from 
damaged discs. Facilities include 
© Full screen editing of sectors on the disc 
© Sectors can be found by file name or sector 
© Files and sectors can quickly and easily be 
dumped to a printer for examination and possible 
subsequent modilication 
© COPY: blocks of data can be copied from any 
point on the disc to any other point. Blocks can 
be as small as one byte and can be transferred 
anywhere in a sector. 
@ SEARCH: The disc can be searched for any 
Sting, starting and fishing at any designated 
© VERIFY: Any block of sectors can be checked 
for their validity 
€ FORMAT: Any track or group of tracks can be 
individually formatted to Acorn or Watford DFS. 
© INSERT: Allows the manual creation of new 
directory entries to allow “undeletion” of fles 
© BACKUP: This is similar to normal DFS 
backup but allows recovery after a disc error 
Completely compatible with both Acorn and 

4 Disc Filing Systems. Instruction manual 


Price £19.00 
TINY PASCAL lin 16K ROM) 


PASCAL-T is capable of compiling source 
PASCAL into a compact very fast 

threaded: interpreters-code. Full editor and disc 
support are included. Comprehensive 
documentation supplied £59 


LOGO-FORTH (in 16K ROM) 
Introduces this very powerful but extremely 
friendly turtle-graphics language. Users have 
full access то the FIG-FORTH support nucieous 
Full documentation supplied £59 


LAST but not the LEAST 
VIEW The ultimate in Wordprocessing — £82 


MAIL ORDER AND RETAIL SHOP. TRADE AND EXPORT INQUIRIES. WELCOME. 
GOVERNMENT AND EDUCATIONAL ESTABLISHMENTS OFFICIAL ORDERS ACCEPTED. 
CARRIAGE: Unless stated otherwise, please add бор to all cash orders 

VAT: UK customers please add 15% VAT to the total cost incl. Carriage. 


SHOP HOURS: 9.00am to 6.00pm. Monday to Saturday. (Ample Free Car Parking Spaces) 
ACCESS ORDERS: Simply phone: Watford (0923) 50234. (24 Hours) 


WATFORD ELECTRONICS 


Dept. BBC, Cardiff Road, Watford, Herts, England. 
Telephone: 0923 40588/37774. Telex: 8956095 





The баіаху5 FIRST 
ever computer comic! 


Zooming into touchdown at WH Smiths, John Menzies and other good newsagents now 
and every fortnight... only 40р. 


Order your copy TODAY! 
Bursting with great new comic strips... exciting stories... astounding facts. 


big prizes... competitions... fascinating quizzes... star personalities. 
And that's just the start of Britain's newest, brightest, most fun-packed comic ever! 


LOAD RUNNER 
It's the only comic for the age of the computer - 
est back with the dinosaurs! 





AVAILABLE NOW 


and every fortnight... .order your copy TODAY. 











Ев Z au | 
"Wt must be а nightmare" he. 
screamed as he ran around the 
тәге of floors, desperately 
climbing ladders to different 
ПЕТ attempt to 
майе the monsters, 
He had only his neutron 
hammer to dig holes for the 
vile creatures to fall into, but 
even then he had to repeatedly 
hit them before they dropped 
to their deaths, As if that 
wasn't bad enough, th 

















supply was running ou 
"Its simply impossible" he. 
wailed as the monsters advanced 
оп all sides. , 














H RACE KRAZY KONG ELEKTRO STORM HOPPER 


Drive your 500b.h.p. racing car Сап you rescue Jane from the Earth is under attack from Help FERGUS and his friends Тһе MASTER CONTROL 














jant maze (9 times емі clutches of KRAZY ‘wave after wave of intergalactic across the highway avoiding PROGRAM has ordered you to 
the size of the TV screen КОМО? Fight your way missiles — your mission isto (ће traffic, and then over race your light суси 
the ZX81 version, 32 times for through three sereens of fire- blast them out of the sky with treacherous river on the backs — infamous grid. This is an 
the spectrum), Watch out for balls, barrels and conveyor your laser cannon before the ої turtles and logs to the safety — incredibly fast, adrenalin 
the hazards — ой, ice, fallen Без to the top of the girders whole human race is wiped out. о! the lilly pond. pumping game that is very 





rocks etc. Not the least of your 804 save the damsel in distress. с 4 Features include: 6 lanes of 
worries are the chase cars also Entirely written in machine М traffic, diving turtles, сгосо- 
in the таге — опе touch with собе to give super fast arcade 

these means instant death! action 


2x81 


addictive, There is an option 
inst either another 
Yt computer — but. 


1 we warn you its very very good! 
39 7Х 95 1 JM 

















